Phosphorus and humus in relation to Illinois soils by Hopkins, Cyril G.
UNIVERSITY OF ILLINOIS 
Agricultural. Experiment . Station 
URBANA, FEBRUARY, 1908 
CIRCULAR NO. 116 
PHOSPHORUS AND HUMUS IN RELATION TO 
ILLINOIS SOILS* 
BY CYRIL G. HOPKINS 
Absolute knowledge can be based only on definite facts; and 
mathematics, chemistry, and.other exact scienc.es furnish accurate 
information; but opinions based on few or many examples may be 
correct or incorrect. 
It has been common in new countries for farmers to break the 
virgin sod and then to raise corn (or some other grain) continu­
ously for several years; and, because the third or fourth crop 
was as good or better than the first or second, it was common to 
adopt a theory that corn growing would not exh~ust the soil. 
When this theory has been disproved, it has been common to 
adopt another theory; namely, that crop rotation with corn and 
oats will maintain the fertility of the soil. 
Again, when this theory has been disproved, as it has been · 
in all countries, it h as been common, and still is common, to adopt 
the theory that, if clover be used in the rotation, the fertility of 
the soil will be maintained. 
When the clover system fails, as it has failed always in . o~der 
countries, and as it is failing now on the older lands·of Illinois, it 
*An address r ead before the Illinois S t ate Farmers' Institute a t Peoria. February 12. 1908. 
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h a s  b e e n  c o m m o n  f o r  t h e  y o u n g e r  m e n  t o  l e a v e  t h e  o l d  f a r m s ,  
e i t h e r · t o  g o  f a r t h e r  w e s t  o r  t o  t h e  c i t i e s .  T h e r e  i s  n o t  m u c h  e n ­
c o u r a g e m e n t  f o r  a  y o u n g  m a n  t o  r e m a i n  o n  t h e  f a r m  w h e n  h e  c a n  
p l a i n l y  s e e  t h a t  t h e  o l d  l a n d  i s  l e s s  p r o d u c t i v e  t h a n  t h e  n e w e r  
l a n d ,  b e c a u s e  t h a t  f a c t  p o i n t s  t o w a r d  f u t u r e  p o v e r t y .  I f  t h e  o l d  
l a n d  w e r e  b e t t e r  t h a n  t h e  n e w  l a n d ,  t h e n  h e  c o u l d  s e e  f u t u r e  pros ~ 
p e r i t y  a n d  t h u s  b e  e n c o u r a g e d  t o  r e m a i n  o n  t h e  f a r m .  
T h e  t h e o r y  i s  c o m m o n  t h a t  l a n d s  m u s t  i m p r o v e  b y  l i v e  s t o c k  
f a r m i n g ;  b u t  th~ p r a c t i c a l  f a c t s  a r e  t h a t  l a \ l d  m a y  b e  r u i n e d  b y  a  
p o o r  s y s t e m  o f  l i v e  s t o c k  f a r m i n g  a n d  t h a t  l a n d  m a y  b e  b u i l t  u p  
a n d  m a d e  rich~r t h a n  i t  e v e r  w a s  b y  a  g o o d  s y s t e m  o f  s t r i c t l y  
g r a i n  f a r m i n g .  L e t  u s  l a y  a s i d e  a l l  t h e o r i e s  a n d  c o n s i d e r  t h e  f a c t s .  
T h e  h i s t o r i c a l  f a c t s  a r e ,  t h a t  t h e  p r a c t i c e  o f  a g r i c u l t u r e  h a s  
r e d u c e d  t h e  p r o d u c t i v e  p o w e r  o f  s o i l s  i n  a l l  e x t e n s i v e  a g r i c u l t u r a l  
c o u n t r i e s ,  i n c l u d i n g  O h i n a ,  I n d : C L ,  R u s s i a ,  a n d  t h e  e a s t e r n  p a r t  o~ 
o u r  o w n  U n i t e d  S t a t e s .  
T h e  i n d u s t r i a . l  a n d  c o m m e r c i a l  f a c t s  a r e ,  t h a t  n e w  a g r i c u l t u r ­
a l  c o u n t r i e s  a r e  n o w  f u r n i s h i n g  l a r g e  q u a n t i t i e s  o f  c o r n  a n d  w h e a t  
a n d  a n i m a l  p r o d u c t s  t o  s u p p o r t  t h e  p o p u l a t i o n  i n  t h e  o l d e r  c o u n ­
t r i e s .  .  
T h e  c h e m i c a l  a n d  m a t h e m a t i c a l  f a c t s  a r e ,  t h a t  t h e  c o m m o n  
s o i l s  o f  t h e  I l l i n o i s  c o r n  b e l t  a r e  b e c o m i n g  d e f i c i e n t  i n  p h o s p h o r u s  
a n d  n i t r o g e n ,  t w o  s u b s t a n c e s  w i t h o u t  w h i c h  t h e  f e r t i l i t y  o f  t h e s e  
s o i l s  c a n n o t  b e  m a i n t a i n e d .  
,  A n o t h . e r  f a c t  o f  i n t e r e s t  a n d  i m p o r t a n c e  i s ,  t h a t  s o m e  I l l i n o i s  
l a n d o w n e r s  a r e  b e g i n n i n g  t o  a d o p t  s y s t e m s  o f  a g r i c u l t u r e  t h a t  i f  
f o l l o w e d  w i l l  p e r m a n e n t l y  m a i n t a i n  t h e  f e r t i l i t y  o f  t h e  s o i l  a n d  
t h a t  a r e  f a r  m o r e  p r o f i t a b l e  i n  t h e  l o n g  r u n  t h a n  t h e  m o r e  c o m m o n  
r u i n o u s  p r a c t i c e  o f  s o i l  e x h a u s t i o n .  T h e  f o l l o w i n g  l e t t e r  r e c e i v e d  
s i n c e  t h e  a b o v e  w a s  w r i t t e n  i s  a  f a i r  s a m p l e  o f  m a n y  s u c h  l e t t e r s  
r e c e i v e d  f r o m  l a n d o w n e r s  i n  t h e  I l l i n o i s  c o r n  b e l t .  I t  i s  d a t e d  '  
J a n u a r y  1 6 ,  1 9 0 8 ,  a n d  r e a d s  a s  f o l l o w s :  
" I  o w n  a  l i t t l e  f a r m  i n  L i v i n g s t o n  C o u n t y - 1 3  m i l e s  s o u t h  o f  t h e  G r u n ­
d y  c o u n t y  l i n e ,  a n d  1 3  m i l e s  w e s t  o f  t h e  F o r d  c o u n t y  l i n e - d a r k  b r o w n  s o i l  
o n  y e l l o w  c l a y  ( s u b s o i l ) ;  h a s  b e e n  d o g g e d  t o  d e a t h  w i t h  c o r n  a n d  o a t s  f o r  
m a n y  y e a r s  a n d  w i l l  o n l y  i n  b e s t  y e a r s  p r o d u c e  ~O b u .  c o r n  o r  3 0  b u .  o a t s  
n o w .  .  
" L a n d  i s  w e l l  t i l e d  a n d  f a r m e d  ~wod; I  h a v e  e X ' p e r i m e n t e d  w i t h  c l o v e r  
a n d  d o n ' t  s e e  m u c h  g o o d  i n  i t ,  a n d  h a v e  c o m e  t o  t h e  c o n c l u s i o n  t h a t  m y
l a n d  n e e d s  p h o s p h o r u s  m o r e  t h a n  a n y t h i n g  e l s e ,  i n  c o n n e c t i o n  w i t h  c l o v e r  
a n d  m a n u r e .  
" I  d o n ' t  k n o w  w h e r e  t o  g e t  t h e  p h o s p h o r u s  r e a s o n a b l e .  I t  i s  t o o  h i g h  
o n  t h e  s t o c k  y a r d s .  I  t a k e  t h e  l i b e r t y  t o  a s k  y o u  i f  y o u  w i l l  k i n d l y  i n f o r m  
m e  w h e r e  I  c a n  g - e t  i t .  
Y o u r s  v e r y  r e s p e c t f u l l y ,  
( S i g n e d )  J .  W .  K L Y V E R . "  
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REGARDING PHOSPHORUS 
Phosphorus is a chemical element which is essential to the 
growth and structure of every plant and animal. The absolute 
requirements of different crops for the element phosphorus are well 
known within narrow limits. Thus, a hundred-bushel crop of corn 
requires about 23 pounds of phosphorus, 17 pounds for the grain 
and 6 pounds for the stalks; a fifty-bushel crop of wheat requires 
about 16 pounds of phosphorus, 12 pounds for the grain and 4 
pounds for the straw; and a four-ton crop of clover, including per­
haps three tons in the hay crop and one ton in the seed crop, re­
quires 20 pounds of phosphorus, or more than is contained in 100 
bushels of corn. 
To produce such crops during the full time of one life (three 
score years and ten) would require as much phosphorus as the 
total supply contained in the first seven inches of the most com­
mon Illinois prairie soil, ~nd to have produced such crops from the 
time Columbus discovered America until the present year would 
have required every pound of phosphorus contained in these soils 
to a depth of four feet. 
These are not theories or mere opinions; they are mathemat­
ical and chemical facts. If anima.ls must have bone and brain, 
they must have phosphorus, for without phosphorus neither bone 
or brain exists, and the phosphorus requiremeiJ.ts of the plant 
are no less absolute than for the animal. 
Phosphorus is sold from the farm largely in grain, in bone, 
and in hay. The phosphorus removed from the soil in.the aver­
age corn crop of Illinois (grain only) is e_qual to the total phos­
phorus contained in 50,000 acres of our corn belt land to a depth 
of 7 inches, and a larger amount is removed in the aggregate of 
other crops. 
If the total annual progress toward land ruin in this state were 
to be concentrated on the complete ruin of 100,000 acres each 
year, it would awaken an active interest in every landowner, but 
b~cause the effect is only gradual and widespread many people 
ignore it so long as possible. 
To return the phosphorus annually removed from the soil 
in the corn crop of Illinois would require all of the manure that 
could be made by feeding 500 million bushels of corn, or 150 mil­
lion bushels more than we raise; or it would require the applica­
tion of a quarter-million tons of natural rock phosphate at a cost 
of two million dollars, or it would require the application of at 
least twenty million dollars' worth of ordinary so-called complete 
commercial fertilizer. 
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T o  s u p p l y  t o  t e n  a c r e s  o f  l a n d  s u f f i c i e n t  p h o s p h o r u s  f o r  a  
h u n d r e d - b u s h e l c r o p  o f  c o r n  p e r  a c r e  f o r  o n e  y e a r  w o u l d  r e q u i r e  
t h e  m a n u r e  t h a t  c o u l d  b e  m a d e  f r o m  2 0 0 0  b u s h e l s  o f  c o r n ,  c o s t i n g  
$ 8 0 0  f o r  f e e d .  T h e  s a m e  q u a n t i t y  o f  p h o s p h o r u s  ( 2 5 0  p o u n d s )  c a n  
b e  p u r c h a s e d  i n  o n e  t o n  o f  r o c k  p h o s p h a t e  f o r  a b o u t  $ 8 ,  i n  o n e  
t o n  o f  s t e a m e d  b o n e  m e a l  f o r  $ 2 5 ,  i n  t w o  t o n s  o f  a c i d  p h o s p h a t e  
f o r  a b o u t  $ 3 0 ,  o r  i n  f o u r  t o n s  o f  c o m p l e t e  f e r t i l i z e r  c o s t i n g  f r o m  
$ 8 0  t o  $ 1 0 0 .  
A  f e w  p e o p l e  f e e d  a l l  o f  t h e  c r o p s  r a i s e d  o n  t h e i r  o w n  f a r m s  
a n d  a l s o  p u r c h a s e  a d d i t i o n a l  s u p p l i e s  o f  p h o s p h o r u s  i n  c o r n  f r o m  
t h e i r  I l l i n o i s  n e i g h b o r s ,  i n  w h e a t  b r a n  f r o m  t h e i r  M i n n e s o t a  
n e i g h b o r s ,  i n  o i l  m e a l  f r o m  t h e i r  D a k o t a  n e i g h b o r s ,  o r  i n  c o t t o n  
s e e d  m e a l  f r o m  t h e i r  M i s s i s s i p p i  n e i g h b o r s ,  b e c a u s e  t h e y  h a v e  t h e  
a b i l i t y  a n d  e q u i p m e n t  f o r  s t o c k  f e e d i n g ,  a n d  t h e y  m a y  m a k e  s o m e  
p r o f i t  o n  t h e  f e e d  p u r c h a s e d  a n d  t h u s  w i t h o u t  e x p e n s e  s e c u r e  f o r  
t h e i r  o w n  f a r m s  s o m e  p h o s p h o r u s  t a k e n  f r o m  t h e i r  n e i g h b o r s '  
f a r m s .  
B u t  t h i s  p r a c t i c e  o n l y  p e r m i t s  t h a t  o n e  f a r m  s h a l l  b e  e n r i c h ­
e d  w h i l e  s e v e r a l  o t h e r  f a r m s  a r e  b e i n g  i m p o v e r i s h e d .  N o  g r e a t  
a g r i c u l t u r a l  s t a t e  l i k e  I l l i n o i s  c a n  t h u s  p e r m a n e n t l y  m a i n t a i n  t h e  
f e r t i l i t y  o f  t h e  s o i l  a n d  c o n t i n u e  t o  s e l l  g r a i n  o r  b o n e  f r o m  t h e  
f a r m s .  
T h e  m o s t  p r a c t i c a l  a n d  e c o n o m i c a l  m e t h o d  o f  m a i n t a i n i n g  t h e  
s u p p l y  o f  p h o s p h o r u s  i n  t h e  s o i l  i s  b y  t h e  a p p l i c a t i o n  o f  1 0 0 0  
p o u n d s  t o  t h e  a c r e  o f  f i n e - g r o u n d  n a t u r a l  r o c k  p h o s p h a t e ,  o n c e  
e v e r y  f o u r  t o  s i x  y e a r s ,  i n  c o n n e c t i o n  w i t h  l i b e r a l  s u p p l i e s  o f  d e ­
c a y i n g  o r g a n i c  I n a t t e r , .  a s  f a r m  m a n u r e ,  l e g u m e  c r o p s ,  o r  o t h e r  
g r e e n  m a n u r e s .  
I n  o r d e r  t o  i n c r e a s e  t h e  t o t a l  p h o s p h o r u s  c o n t e n t  o f  t h e  s o i l ,  
s o  a s  t o  h a v e  a  l a r g e r  w o r k i n g  c a p i t a l  t h a n  t h e  p r e s e n t  s t o c k ,  i t  
i s  a d v i s a b l e  t h a t  o n c e  d u r i n g  t h e  r o t a t i o n  o n e  t o n  o r  m o r e  p e r  
a c r e  s h a l l  b e  a p p l i e d  f o r  t h e  f i r s t  t h r e e  o r  f o u r  c r o p  r o t a t i o n s ,  
t h u s  i n c r e a s i n g  t h e  s u p p l y  w i t h i n  a  f e w  y e a r s  f r o m  1 2 0 0  p o u n d s ,  
t h e  p r e s e n t  a v e r a g e ,  t o  a b o u t  2 0 0 0  p o u n d s  o f  p h o s p h o r u s  p e r  a c r e ,  
a f t e r  w h i c h  t h e  s m a l l e r  a p p l i c a t i o n  o f  !  t o n  o f  r o c k  p h o s p h a t e  p e r  
a c r e  o n c e  e v e r y  f i v e  o r  s i x  y e a r s  w i l l  a t  l e a s t  p e r m a n e n t l y  m a i n ­
t a i n  o r  c o n t i n u e  s l i g h t l y  t o  i n c r e a s e  t h e  s u p p l y  o f  p h o s p h o r u s  i n  
t h e  s o i l .  
I t  i s  w o r t h  w h i l e  f o r  l a n d o w n e r s  t o  b e a r  i n  m i n d  t h a t  a t  $ 8 . 0 0  
a  t o n  f o r  1 2 t  p e r c e n t  r o c k  p h o s p h a t e ,  m o r e  p h o s p h o r u s  c a n  b e  
p u r c h a s e d  f o r  $ 4 0  t h a n  i s  n o w  c o n t a i n e d  i n  a n  a c r e  o f  o u r  m o s t  
c o m m o n  $ 1 5 0  p r a i r i e  l a n d  t o  a  d e p t h  o f  s e v e n  i n c h e s ,  a n d  i f  t h e  
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productive capacity of the land is to be maintained the fertility 
of the surface soil must be maintained, for even a rich subsoil has 
but little value if it lies beneath a worn out surface. 
REGARDING HUMUS 
l?efore discussing the results already obtained from the use 
of rock phosphate in Illinois and other states, let us consider 
briefly the subject of humus. 
By humus is meant the decaying organic matter of the soil 
formed largely from plant roots and crop residues and from ap­
plications of farm manure. The most · important constituent of 
humus is nitrogen. This element of plant food is contained not 
in the mineral part of the soil, not in silt or sand or clay, but only 
in the organic matter. 
Nitrogen is required by all crops in very considerable amounts', 
-in much larger amounts in fact than phosphorus. While the 
supply of nitrogen in our common soils is large compared with 
the supply of phosphorus, nevertheless it is small compared with 
the requirements of large crops year after year. 
Thus, to produce a hundred-bushel crop of corn every year 
for 32 years would require as much nitrogen as is contained in the 
first 7 inches of our ordinary corn belt prairie land, assuming 
that the stalks are either burned or harvested and removed with 
the grain. Ifonly the ear corn i~ removed and the stalks are re­
turned to the soil, the nitrogen in the first 7 inches is sufficient 
for 48 such crops. The total supply of nitrogen now present in 
our most common prairie soil to a depth of 40 inches is no greater 
than would be required for 95 such crops of corn if the stalks were 
burned or removed with the grain. ' 
Small amountsof.nitrogen are added to the soil in the rain­
water and certain bacteria, as the azotobacter, have some power 
to fix atmospheric nitrogen in the soil, even though they do not live 
in the root tubercles of 'legume plants, but the annual losses in 
drainage waters exceed these added supplies, so that we dare not 
do less than to make ample provision for the crops to be grown 
by additions of humus, either in farm manure or in legume crops 
or green manures. 
A few fundamental facts will serve as a guide in this matter: 
One ton of clover hay contains about 40 pounds of nitrogen, 
and the clover roots contain not more than one-half as much ni­
trogen as is contained in the tops. Thus 2~ tons of clover hay 
must be returned to the soil to furnish the 100 pounds of nitrogen 
required for 100 bushels of corn (grain only), and nearly as much 
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i s  r e q u i r e d  t o  f u r n i s h  t h e  9 7  p o u n d s  o f  n i t r o g e n  f o r  a  1 0 0 - b u s h e l  
c r o p  o f  o a t s ,  g r a i n  a n d  s t r a w .  
S o i l s  t h a t  w i l l  f u r n i s h  n i t r o g e n  f o r  l a r g e  c r o p s  o f  c o r n  a n d o a t s  
w i l l  a l s o  f u r n i s h  s o m e  o f  t h e  n i t r o g e n  f o r  t h e  c l o v e r  c r o p ,  c e r ­
t a i n l y  a s  m u c h  a s  i s  l e f t  i n  t h e  c l o v e r  r o o t s  a n d  s t u b b l e  a f t e r  
b o t h  h a y  a n d  s e e d  c r o p s  a r e  r e m o v e d .  O o n s e q u e n t l y  i f  w e  a r e  
t o  e n r i c h  t h e  s o i l  i n  n i t r o g e n  b y  g r o w i n g  c l o v e r ,  t h e  c l o v e r  m u s t  
. b e  r e t u r n e d  t o  t h e  s o i l ,  e i t h e r  b y  p l o w i R g  u n d e r  d i r e c t l y  o r  i n  t h e  
f o r m  o f  m a n u r e  f r o m  p a s t u r i n g  o r  f e e d i n g .  
I t  s h o u l d  b e  c l e a r l y  u n d e r s t o o d  t h a t  f o r  f e r t i l i z i n g  p u r p o s e s  a  
t o n  o f  c l o v e r  h a y  i s  w o r t h  v e r y  m u c h  m o r e  t h a n  t h e  m a n u r e  r e ­
s u l t i n g  w h e n  t h e  c l o v e r  i s  f e d  t o  a n i m a l s .  A s - a  g e n e r a l  a v e r a g e ,  
a b o u t  o n e - f o u r t h  o f  t h e  n i t r o g e n  a n d  p h o s p h o r u s  c o n t a i n e d  i n  t h e  
f e e d  i s  r e t a i n e d  b y  t h e  a n i m a l s ,  a n d  t h r e e - f e u r t h s  a r e  r e t u r n e d  i n  
t h e  s o l i d  a n d  l i q u i d  m a n u r e ,  w h i l e  - a b o u t  t w o - t h i r d s  o f  t h e  t o t a l  
o r g a n i c  m a t t e r  c o n t a i n e d  i n  m i x e d  f e e d s  a r e  d i g e s t e d  b y  t h e  a n i ­
m a l s  a n d  o n l y  o n e - t h i r d  r e t u r n e d  i n  t h e  s o l i d  m a n u r e .  T h u s ,  a  t o n  
o f  d r y  f e e d  c o n t a i n i n g  4 0  p o u n d s  o f  n i t r o g e n  a n d  4  p o u n d s  o f  
p h o s p h o r u s  w o u l d  f u r n i s h  a  q u a n t i t y  o f  m a n u r e  c o n t a i n i n g  a b o u t  
7 0 0  p o u n d s  o f  d r y  m a t t e r ,  3 0  p o u n d s  o f  n i t r o g e n ,  a n d  3  p o u n d s  
o f  p h o s p h o r u s .  '  
I f  t h e  f e e d i n g  i s  d o n e  o n  t h e  f i e l d  o r  p a s t u r e  a l l  o f  t h e  l i q u i d  
a n d  s o l i d  e x c r e m e n t  i s  r e t u r n e d  t o  t h e  s o i l ,  b u t  u n d e r  t h e  b e s t  
c o n d i t i o n s  o f  o r d i n a r y  f e e d i n g  m o r e  o r  l e s s  o f  t h e  n i t r o g e n  i s  l o s t  
i n  t h e  l i q u i d  m a n u r e  u n l e s s  c e m e n t  f l o o r s  a r e  p r o v i d e d  o r  v e r y  
l i b e r a l  a m o u n t s  o f  a b s o r b e n t  b e d d i n g  a r e  u s e d .  T h e  O h i o  E x ­
p e r i m e n t  S t a t i o n  h a s  r e c e n t l y  c o n d u c t e d  a n  i n v e s t i g a t i o n  w i t h  5 8  
s t e e r s  c o v e r i n g  a  f e e d i n g  p e r i o d  o f  s i x  m o n t h s .  O f  t h e s e  s t e e r s  
2 8  w e r e  f e d  o n  a  c e m e n t  f l o o r  a n d  2 5 . 3  p e r c e n t  o f  t h e  n i t r o g e n  i n  
t h e  f e e d  w a s  n o t  r e c o v e r e d  i n  ~he m a n u r e ;  w h i l e  3 0  s t e e r s  w e r e  
f e d  o n  a n  e a r t h  f l o o r  a n d  3 7 . 6  p e r c e n t  o f  t h e  n i t r o g e n  w a s  n o t  re~ 
c o v e r e d .  I n  o n e  c a s e  t h e  a n i m a l s  r e t a i n e d  2 2 . 5  p e r c e n t  o f  t h e  
p h o s p h o r u s  a n d  i n  t h e  o t h e r  2 1 . 1  p e r c e n t .  
I t  i s  s a f e  t o  s a y  t h a t  o f  t h e  f e e d  h a u l e d  o f f  f r o m  t h e  f i e l d  n o t  
m o r e  t h a n  o n e - f o u r t h  o f  t h e  d r y  m a t t e r  a n d  o n e - h a l f  o f  t h e  p l a n t  
f o o d  e l e m e n t s  w i l l  b e  r e t u r n e d  t o  t h e  f i e l d  i n  t h e  m a n u r e  u n d e r  
c o n d i t i o n s  l i k e l y  t o  b e  c o n s i d e r e d  p r a c t i c a b l e ;  a n d  i f  t h e  m a n u r e  
i s  l e f t  e x p o s e d  t o  t h e  w e a t h e r  f o r  t h r e e  t o  s i x  m o n t h s  e v e n  t h e s e  
p r o p o r t i o n s  s h o u l d  b e  d i v i d e d  b y  t w o .  
T h e  . s u p p l y  o f  h u m u s  a n d  n i t r o g e n  i n  t h e  s o i l  c a n  b e  m a i n "­
t a i n e d  o r  e v e n  i n c r e a s e d  e i t h e r  b y  a  g o o d  s y s t e m  o f  l i v e  s t o c k  
f a r m i n g  o r  b y  s t r i c t l y  g r a i n  f a r m i n g .  W e  w i l l  d i s c u s s  b r i e f l y  
t w o  s u c h  s y s t e m s .  
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. 
GRAIN FARMING 
For a system of grain farming let us consider, for example, 
a three-year rotation of corn, oats, and clover. Let us assume 
that the yields are 100 bushels of corn and oats, 4 tons of clover 
and 4 bushels of clover seed: We may sow cowpeas in the corn 
at the last cultivation and possibly produce a catch crop of half 
a ton to the acre, but this needs further investigation. 
We will plan to harvest the ear corn and leave the stalks on 
the land to be disked down in preparing the "land for seeding 
oats and clover. The oats should be cut as high as possible and 
the ~hreshed oat straw should be-spread over the,land either be­
fore or after rotting as may be found best. The third year the 
clover may be clipped perhaps two weeks before haying and left 
lying on the land, the second crop being harvested later for seed, 
using a buncher attached to the mower so as to avoid raking. 
The threshed clover straw should be spread over the land, and if 
rock phosphate is used it may be applied and plowed under with 
all of the accumulated orga.nic matter in preparation for the fol­
lowing corn crop which would thus begin the second rotation. 
The 100 bushels of corn, 100 bushels of oats, and 4 bushels of 
clover seed remove about 173 pounds of nitrogen, ' while on the 
basis above decribed the four tons of clover and one-half ton of 
. cowpeas return ·to the soil apout 182 pounds of nitrogen, and, to­
gether with the corn stalks and oat straw, furnish large supplies 
·of humus. 
This is given as a single example of a system of grain farm­
ing planned to maintain the supply of humus and nitrogen in the 
soiL The yields may be cut in two if you choose, but the basis 
of the system still remains. 
I cannot advise Illinois farmers to raise 50 bushels of corn 
because we have harvested 96 bushels per acre as a three-year 
average. I do not suggest 50-bushel crops of oats because we 
have harvested over 90 bushels and I know an 18-acre field that 
produced 1800 bushels of oats. I do not try for 2 bushels of clover 
seed because I have seen a 50-acre field treated as above described 
that produced 5i bushels of clover seed per acre. 
~et us plan to raise large crops, limited not by the soil, but 
only by the sunshine and rainfall. Let us have a highJdeal, even 
though we may not reach it. 
Many other rotations for grain farming might be used, and 
other legume crops and catch crops, of which the common rank~ 
growing sweet clover promises to be o~e of the most useful; but 
in all cases liberal use must be made of legume crops and Gatch 
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c r o p s  a n d  o t h e r  g r e e n  m a n u r e  c r o p s  a n d  c r o p  r e s i d u e s  i n  o r d e r  
t o  s u p p l y  h u m u s  a n d  n i t r o g e n .  I f  n e c e s s a r y  t h e  r o t a t i o n  m a y  b e  
e x t e n d e d  a n d  o n e  y e a r  d e v o t e d  e n t i r e l y  t o  g r e e n  m a n u r i n g ,  a s  i s  
s o m e t i m e s  d o n e  i n  o l d e r  c o u n t r i e s .  
L I V E  S T O C K  F A R M I N G  
F o r  a  s y s t e m  o f  l i v e  s t o c k  f a r m i n g  w e  m a y  p r a c t i c e  a  f i v e ­
y e a r  r o t a t i o n  i n c l . u d i n g  c o r n  f o r  t w o  y e a r s ,  o a t s  w i t h  c l o v e r  a n d  
t i m o t h y  s e e d i n g  t h e  t h i r d  y e a r ,  a n d  t w o  y e a r s  c l o v e r  a n d  t i m o t h y ,  
u s i n g  o n e  y e a r  f o r  h a y  a n d  th~ o t h e r  f o r  p a s t u r e ,  a s s u m i n g  1 0 0 ­
b u s h e l  y i e l d s  o f  c o r n  a n d  o a t s  a n d  4 - t o n  c r o p s  o f  h a y  o r  o f  a i r ­
d r y  f e e d  f r o m  p a s t u r e ,  c o u n t i n g  t h e  h a y  a s  t h r e e - f o u r t h s  c l o v e r  
a n d  t h e  p a s t u r e  a s  t h r e e - f o u r t h s  t i m o t h y .  
O n e - h a l f  o f  t h e  c o r n  w e  m a y  h a r v e s t  f o r  s h . o c k  c o r n  o r  e n s i l ­
a g e ,  a n d  t h e  o t h e r  h a l f  a s  e a r  c o r n ,  a n d  t h e  o a t  s t r a w  w i l l  b e  u s e d  
f o r  f e e d  a n d  b e d d i n g .  
T h e  f o u r  c r o p s  h a r v e s t e d  w i l l  r e m o v e  f r o m  t h e  s o i l  a b o u t  3 6 9  
p o u n d s  o f  n i t r o g e n  a n d  t h e  c l o v e r  h a y  w i l l  c o n t a i n  a b o u t  1 2 0  
p o u n d s  o f  n i t r o g e n  w h i c h  w e  a s s u m e  w a s  s e c u r e d .  f r o m  t h e  a i r ,  
t h u s  m a k i n g  4 8 9  p o u n d s  o f  n i t r o g e n  i n  t h e t o t a l  f e e d  a n d  b e d d i n g .  
I f  o n e - h a l f  o f  t h i s  i s  r e c o v e r e d  i n  t h e  m a n u r e  a n d  r e t u r n e d  t o  t h e  
l a n d ,  t h e r e  w o u l d  b e '  a  d e f i c i e n c y  o f  1 2 4  p o u n d s ;  w h i l e  i f  t w o ­
t h i r d s  o f  t h e  n i t r o g e n  c a n  b e  r e c o v e r e d  i n  t h e  m a n u r e ,  w h i c h  i s  
p o s s i b l e  u n d e r  t h e  b e s t  c o n d i t i o n s  w i t h  c e m e n t  f e e d i n g  f l o o r s  o r  
v e r y  l i b e r a l  u s e  o f  s t r a w  a n d  s h r e d d e d  f o d d e r  f o r  b e d d i n g ,  ' t h e  
d e f i c i e n c y  i s  r e d u c e d  t o  4 3  p o u n d s .  I f  t h e  p a s t u r e  i s  o n e - f o u r t h  
c l o v e r  a n d  t h r e e - f o u r t h s  t i m o t h y ,  a n d  i f  t h r e e - f o u r t h s  o f  t h e  n i t ­
r o g e n  i n  t h e  p a s t u r e  f e e d  i s  r e t u r n e d  i n  t h e  e x c r e m e n t s ,  t h e r e  
w o u l d  b e  a  g a i n  o f  1 2  p o u n d s  o f  n i t r o g e n  f r o m  t h e  p a s t u r i n g ,  
w h i c h  w o u l d  r e d u c e  t h e  d e f i c i e n c y  t o  3 1  . p o u n d s  p e r  a c r e  a t  t h e  
e n d  o f  t h e  f i v e  y e a r s .  
B y  f e e d i n g  m o r e  o r  l e s s  u p o n  t h e  f i e l d s  a n d  b y  l e a v i n g  c o n ­
s i d e r a b l e  c l o v e r  i n  t h e  p a s t u r e  t o  s e r v e  a s  g r e e n  m a n u r e ,  t h i s  
s m a l l  d e f i c i e n c y  c a n  b e  r e p l a ,c e d  b y  s o m e  e x c e s s  o f  n i t r o g e n ;  b u t  
t o  m a i n t a i n  o r  t o  i n c r e a s e  t h e  s u p p l y  o f  h u m u s  a n d  n i t r o g e n  i n  
t h e  s o i l  j s  b y  n o  m e a n s  a n  e a s y  p r o b l e m ,  e v e n  w i t h  l i v e  s t o c k  
f a r m i n g .  
F o r  t h e  m o s t  c o m m o n  u p l a n d  t i m b e r  a n d  p r a i r i e  s o i l s  o f  t h e  
I l l i n o i s  c o r n  b e l t ,  k e e p  i n  m i n d  t h e s e  t w o  w o r d s ,  p h o s p h o r u s  a n d  
h u m u s .  W h o e v e r  f a r m s  t h e s e  s o i l s  i n  a  w a y  t o  i n c r e a s e  b o t h  
p h o s p h o r u s  a n d  h u m u s  w i l l  h a v e  h i s  f a r m  g r o w i n g  r i c h e r  a n d  
r i c h e r  a n d  m o r e  a n d  m o r e  p r o d u c t i v e ,  a n d  u l t i m a t e l y  h i s  o l d  l a n d  
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will be bet~er than new land; but whoever removes the phos­
phorus or destroys the humus more rapidly than they are replaced 
will have poorer land year by y~ar, with poverty as the only 
future for the children who continue the same ruinous system. 
Not phosphorus alone, and not humus alone, for it is impossible 
to produce it without phosphorus,-but both phosphorus and 
humus must be supplied. 
THE USE OF ROCK PHOSPHATE 
In considering the use of fine-ground natural rock phosphate, 
it should be distinctly understood that repeated experiments 
have shown that this material gives practically no immediate re­
turns if used in the absence of decaying organic matter. On the 
other hand, when used in i.ntimate connection with liberal amounts 
of farm manure, clover or other green manures, rock phosphate 
is the most economical and profitable form of phosphorus to use 
where the crop returns for a series of ye,ars are taken into ac­
count. 
But let us remember this fact, that corn does not live on 
phosphorus alone, and, no matter how large the amount of phos­
phorus applied, the productive power of the soil cannot be main­
tained without humus, and' it is equally true that without phos­
phorus we cannot,produce the clover or other crops from which to 
supply the h~mus. 
If rock phosphate is applied to the soil without manure or 
clover or other organic matter, it is not lost, but it remains in 
the soil until the organic matter is provided, which by its fermen­
tation and decay has power to dissolve the phosphate, and thus 
render the phosphorus available as plant food. Call to mind the , 
condition of abolt or iron rod or steel pitch fork that has been 
buried in the manure pile for six months, and it will help you to 
appreciate the power of rotting organic matter to dissolve rock 
, phosphate or other mineral substances. EV€ri with but little' de­
caying organic matter the clover plant 'has some power to utilize 
the rock phosphate, if it has become thoroughly mixed with the 
plowed soil. 
In discussing the use of rock phosphate, a brief statement is 
appropriate regarding the manufacture of acid phosphate and of 
so-called complete commercial fertilizers. 
One ton of find-ground natural rock phosphate, containing 
about 250 pounds of the element phosphorus, and costing about 
$8.00 delivered in bulk in carload lots in Central Illinois,-I say 
one ton'of this material is mixed with one ton of sulfuric acid to 
1 0  

m a k e  t w o  t o n s  o f  a c i d  p h o s p h a t e  w h i c h  c a n  b e  b o u g h t  f o r  a b o 1 ; l t  

$ 1 5 . 0 0  a  t o n ,  o r  $ 3 0 . 0 0  f o r  t h e  t w o  t o n s  o f  a c i d  p h o s p h a t e  con~ 

t a i n i n g  t h e  s a m e  a m o u n t  o f  p h o s p h o r u s  a n d  n o  m o r e  t h a n  w a s  

c o n t a i n e d  i n  t h e  o n e  t o n  o f  t h e  n a t u r a l  r o c k .  I n  o t h e r  w o r d s ,  t h e  

2 5 0  p o u n d s  o f  p h o s p h o r u s  t h a t  c o s t  $ 8 . 0 0  i n  o n e  t o n  o f  t h e  n a t ­ 

u r a l  r o c k  w i l l  c o s t  $ 3 0 . 0 0  i n  t w o  t o n s  o f  t h e '  m a n u f a c t u r e d  a c i d  

p h o s p h a t e .  

T h e  s o - c a l l e d  c o m p l e t e  f e r t H i z e r s  a r e  c o m m o n l y  m a d e  b y  
m i x i n g  t h e  t w o  t o n s  o f  a c i d  p h o s p h a t e  w i t h  t w o  t o n s  o f  f i l l e r  c o n ­
t a i n i n g  s m a l l  a m o u n t s  o f  n i t r o g e n  a n d  p o t a s s i u m ;  a n d  t h i s  i s  t h e  
f e r t i l i z e r  m o s t  c o m m o n l y  s o l d  i n  t h e  e a s t e r n  a n d  s o u t h e r n  s t a t e s  
a t  a b o u t  $ 2 0 . 0 0  a  t o "n ,  o r  $ 8 0 . 0 0  f o r  t h e  f o u r  t o n s  o f  c o m p l e t e  f e r ­
t i l i z e r  c o n t a i n i n g  t h e  s a m e  a m o u n t  o f  p h o s p h o r u s  a n d  n o  m o r e  
t h a n  t h e . o n e  t o n  o f  n a t u r a l  r o c k  p h o s p h a t e  c o s t i n g  $ 8 . 0 0 .  
T h e  m o s t  p o p u l a r  f i l l e r  a t  t h e  p r e s e n t  t i m e  i s  t h e  d e c a y e d  
p e a t  f r o m  s u c h  b o g s  a s  a r e  c o m m o n  i n  T a z e w e l l  a n d  M a s o n  
c o u n t i e s ,  a n d  f o r  s e v e r a l  y e a r s  a  l a r g e  p l a n t  h a s  b e e n  i n  o p e r a ­
t i o n  n e a r  M a n i t o  w h e r e  t h e  d e c a y e d  p e a t  i s  d r i e d  a n d  g r o u n d  a n d  
s h i p p e d  t o  v a r i o u s  f e r t i l i z e r  f a c t o r i e s .  Th~ p e a t  h a s  s u c h  a  l o w  
f e r t i l i t y  v a l u e  t h a t  t h e  c o m m o n  e x p e r i e n c e  i n  a l l  c o u n t r i e s  h a s  
s h o w n  t h a t  i t  i s  n o t  p r o f i t a b l e  f o r  f a r m e r s  t o  h a u l  i t  f r o m  ~he 
b o g s  a n d  s p r e a d  i t  o n  t h e  l a n d ,  a t  n o  c o s t  w h a t e v e r  e x c e p .t  f o r  t h e  
l a b o r .  
A  t o n  o f  s u c h  c o m p l e t e  f e r t i l i z e r  c o s t i n g  a t  l e a s t  $ 2 0 . 0 0  a n d  
s o m e t i m e s  s o l d  e v e n  i n  I l l i n o i s  f o r  $ 2 5 . 0 0  t o  $ 2 7 . 0 0  a  t o n ,  a c t u a l l y  
c o n t a i n s  a b o u t  $ 2 . 0 0  w o r t h  o f  p h o s p h o r u s  ( b a s e d  o n  i t s  c o s t  
i n  n a t u r a l  r o c k ) ;  i t  c o n t a i n s  n o  m o r e  .  p o t a s s i u m  ' t h a n  a  t o n  o f  
o r d i n a r y  s o i l ,  a n d  o n l y  h a l f  a s  m u c h  n i t r o g e n  a s  a  t o n  o f  d r i e d  
.  p e a t  s o i l .  I n  a d d i t i o n  i t  c o n t a i n s  t h e  e q u i v a l e n t  o f  5 0 0  p o u n d s  o f  
s u l f u r i c  a c i d  i n  a  f o r m  t o  i n c r e a s e  t h e  a c i d i t y  o f  t h e  s o i l .  
T h e  n i t r o g e n  f r o m  p e a t  i n  s u c h  a  f e r t i l i z e r  i s  n o t  o n l y  n e a . r l y  
i n e r t  a n d  a l m o s t  v a l u e l e s s ,  b u - t  e v e n  a v a i l a b l e  n i t r o g e n .  c a n n o t  b e  
p u r c h a s e d  f o r  u s e  i n  g e n e r a l  f a r m i n g  i n  I l l i n o i s  e x c e p t  a t  a  l o s s ,  '  
w h e r e a . s  i n  t h e  a t m o s p h e r e  a b o v e  e v e r y  a c r e  o f  l a n d  i s  s u f f i c i e n t  
n i t r o g e n  f o r  1 0 0  b u s h e l s  o f  c o r n  e v e r y  y e a r  f o r  7 0 0 , 0 0 0  y e a r s ,  
a n d  b y  m e a n s  o f  t h e  r o o t - t u b e r c l e  b a c t e r i a  o f  c l o v e r ,  a l f a l f a ,  
s w e e t  c l o v e r ,  c o w p e a s ,  s o y b e a n s ,  a n d  o t h e r  l e g u m e  c r o p s ,  t h e  
f r e e  n i t r o g e n  o f  t h e  a i r  c a n  b e  f i x e d  i n  "t h e s e  p l a n t s  a n d  s t o r e d  
i n  p h e  s o i l  e i t h e r  b y  p l o w i n g  u n d e r  t h e  c r o p  o r  b y  f e e d i n g  i t  a n d " "  
r e t u r n i n g  t h e  m a n u r e .  
S o  f a r  a s  t h e  a m o u n t  o f  p o t a s s i u m  i s  c o n c e r n e d  t h e  s o - c a l l e d  
2 ,- 8 - 2 . f e r t i l i z e r  c o n t a i n s  n o  m o r e  t h a ; n  t h e  s o i l  i t s e l f .  I n  o t h e r  
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words, a ton of the soil spread back over itself would add as much 
potassium as a ton of the fertilizer. The only difference is that 
the potassium in the fertilizer may be more readily available. On 
the other hand, sufficient decaying organic matter will make 
available"from our soils enough potassium to meet the needs of 
the largest crop, and the supply of potassium in the first seven 
inches is sufficient for 100 bushels of corn every year for 1790 
years as an average of the common corn belt prairie soil. 
For 13 years the Ohio Experiment Station has conducted ex­
periments at Wooster with nitrogen, phosphorus, and potassium, 
all in available form, singly and in combinations. As an average 
of 13 crops of corn at 35 cents a bushel, 13 crops of oats at "25 
cents a bush"el, 13 crops of wheat at 70 celits a bushel, 10 crops 
of clover with some timothy and 10 crops of timothy with some 
clover, at $6.00 a ton for hay, all grown in this five-year rotation 
on five different fields, so that every crop could be repre"sented 
every year,-I say as an average of all these tests on land that is 
richer in phosphorus than our land, but poorer in nitro"gen than 
our land, every dollar invested in phosphorus has paid back $4.76, 
while neither nitrogen nor potassium has paid for its cost; and 
yet the complete fertilizer containing all three of these elements 
has been used with some profit, merely because the loss on nitro­
gen and potassium was not so large as the profit on the phos­
phorus. 
In a similar series of long continued and very carefully con­
ducted experiments at Strongsville, Ohio, the profit on phos­
phorus has been greater, and the losses on nitrogen and potassium 
have also been greater, than at Wooster. Neither alone nor to­
gether nor in any combination has the use of nitrogen or potas­
sium paid the cost on either field, as an average of all the years 
in the test. 
It is true that larger cro"ps have been grown with some of the 
combinations than with phosphorus alone, but this is detrimental 
r ather than beneficial, because the increase thus secured not only 
cost more than it came to, but the larger crops removed from the 
soil twice as much phosphorus as was applied, as well as more of 
the other elements than w"as applied, so that this soil must grow 
poorer ultimately under this system, in harmony with the com­
mon experience where ordinary commercial fertilizers have thus 
been used. The question is not always, how large crops can we 
raise but how large can we afford to raise, and what is the effect 
on the soil. 
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T A B L E  1 .  E X P E R I M E N T S  W I T H  S O L U B L E  F E R T I L I Z E R S  A T  W O O S T E R ,  O H I O  
( D a t a  p e r  a c r e  f o r  f i v e - y e a r  r o t a t  i o n :  I n c r e a s e  o n l y )  
T i m o -
C o r n ,  O a t s ,  
W h e a t ,  
C l o v e r ,  
t h y ,
1 3 - y e a r  1 3 - y e a r  
1 3 - y e a r  
1 0 ' : y e a r  
1 0 - y e a r
P l a n t  f o o d  a p p l i e d .  
a v e r a g e  a v e r a g e  a v e r a g e  
a v e r a g e  
a v e r a g e
b u .  
b u .  b u .  t o n s .  
t o n s .  
-
N i t r o g e n ,  7 5  l b .  . . .  ,  . . . . . . . . . . . . . . .  4 . 3 9  
4 . 3 9  
1 . 8 7  . 1 4 8  
. 1 6 6  

P h o s p h o r u s ,  2 0  l b . . .  . . . . . . . . . . .  . .  . .  7 . 6 9  8 . 1 2  
7 . 6 2  . 1 6 5  . 0 6 3  

P o t a s s i u m ,  1 0 8  l b . . . . . . . . . . . . . . . . . .  4 . 1 0  3 . 2 7  1 . 2 7  . 0 3 8  
. 0 7 7  

N i t r o g e n ,  p h o s p h o r u s . . . . . . . . . . . .  
1 3 . 9 4  1 5 . 3 0  
1 2 . 7 3  
. 4 4 1  .  
. 3 2 6  

N i t r o g e n ,  p o t a s s i u m . . . . . . . . . . . . . .  5 . 1 7  4 . 8 0  
2 . 6 1  . 1 7 7  
. 1 8 2  

P h o s p h o r u s ,  p o t a s s i u m .  .  . . . . . . . . .  1 3 . 0 2  1 1 . 4 5  8 . 8 9  
. 2 7 8  . 1 9 5  

N i t r o g e n ,  p h o s p h o r u s ,  p o t a s s i u m .  
1 7 . 2 3  
1 9 . 2 8  1 5 . 9 8  . 5 3 9  
. 4 4 5  
N i t r o g e n  ( 1 1 ) * ,  p h o s p h o r u s  p o t a s ­
s i u m . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 2 4  1 8 . 4 2  1 7 . 1 8  
. 5 9 0  
. 3 6 3  
T o t a l  y i e l d  f r o m  u n t r e a t e d  l a n d  . .  
( 3 0 . 9 8 )  ( 3 1 . 5 7 )  ( 9 . 5 5 )  
( . 8 3 )  
( 1 . 2 2 )  
F i n a n c i a l  S t a t e m e n t .  
C o s t  o f  
T o t a l  v a l u e  P r o f i t  f r o m  
P l a n t  f o o d  a p p l i e d .  
f e r t i l i z e r  o f  i n c r e a s e  f e r t  i l i z e r  
i n  5  y e a r s .  i n  5  e r o p s .  i n  5  y e a r s .  
N i t r o g e n ,  7 5  l b . . . . . . . . . . .  ,  .  ,  .  . . . . . . .  . .  $ 1 2 . 0 0  $  5 . 8 3  ( $ 6 . 1 7 )  l o s s  
P h o s p h o r u s ,  2 0  l b .  .  .  .  .  .  .  .  . .  . .  .  .  . . . . . .  2 . 4 0  1 1 . 4 2  9 . 0 2  
P o t a s s i u m ,  1 0 8  l b . . . .  "  "  . . . . . . . . . .  
6 . 5 0  
I  
3 . 8 3  ( 2 . 6 7 )  l o s s  
I  
N i t r o g e n ,  p h o s p h o r u s  . . . . . . . . . .  . . . . . . .  $ 1 4 . 4 0  
$ 2 2 . 2 2  
$  7 . 8 2  

N i t r o g e n ,  p o t a s s i u m . . . . . . . . . . . . . . . . . . . .  
1 8 . 5 0  6 . 9 9  ( 1 1 . 5 1 )  l o s s  

P h o s p h o r u s ,  p o t a s s i u m . . . . . . . . . . . .  . . . . .  
8 . 9 0  
1 6 . 4 8  7 . 5 8  

N i t r o g e n ,  p h o s p h o r u s ,  p o t a s s i u m . . . . .  .  
$ 2 0 . 9 0  
$ 2 7 . 9 4  
I  $ 7 . 0 4  
N i t r o g e n  ( H ) , *  p h o s p h o r u s ,  p o t a s s i u m .  
2 6 . 9 0  2 8 . 3 8  
V a l u e  o f  5  c r o p s  f r o m  u n t r e a t e d  l a n d . . .  N o n e  
( 3 7  . 7 2 )  
I "'~ '·~·· · · 
*  112~ l b .  o f  n i t r o g e n  o n  t h i s  p l o t ;  o t  h e r w i s e  t h e  a p p l i c a t i o n s  w e r e  n i t r o g e n ,  7 5  l b . .  p h o s ­
p h o r u s ,  2 0  l b . ,  a . n d  p o t a s s i u m .  1 0 8  l b .  p e r  a c r e  i n  5  y e a r s .  
T h e  p r i c e s  f o r  f a r m  p r o d u c e  m e n t i o n e d  a b o v e  r e p r e s e n t  a p ­
p r o x i m a t e l y  o u r  t e n - y e a r  a v e r a g e  a n d  t h e y  a r e  c e r t a i n l y  a s  h i g h  
a s  w e  c a n  s a f e l y  u s e  f o r  I l l i n o i s  c o n d i t i o n s ,  r e m e m b e r i n g  t h a t  t h e  
i n c r e a s e  i n  t h e  c r o p s  i n c r e a s e s  t h e  t h r e s h  b i l l  a n d  a l s o  t o  s o m e  
e~tent t h e  c o s t  o f  h a r v e s t i n g  a n d  m a r k e t i n g ,  e s p e c i a l l y  f o r  h a y .  
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TABLE 2. EXPERIMENTS WITH SOLUBLE FERTILIZERS AT 

S_TRONGSVILLE, OHIO 

(Data per acre for five-year rotation: Increase only) 
. Timo-Corn, Oats, Wheat, Clover, thy,12-year 11-year 10-year 10-year Plant food applied. 10~yearaverage average average average averagebu. bu. bu. tons. tons. 
Nitrogen, 75 lb .................... 1.18 -.05 -.24 .08 .01 

~Phosphorus, 20 lb ...... - ........ 9.51 10.09 7.14 .45 .16 

Potassium,108 lb ............ .. . .. .20 .41 -.15 .05 -.01 

-
Nitrogen, phosphorus.............. 10.46 14.38 9.72 .39 .13 
Nitrogen, potassium ............ - 1.40 2.24 1.67 .06 -.02 
Phosphorus, potassium ...... ..... 9.04 10.54 8.04 .34 .17 
-Nitrogen, phosphorus, potassium. 12.07 14.69 10.21 .39 .17 
Nitrogen, (11)*, phosphorus, po- I I 
tassium...................... 114.51 12.85 .36 .1111.36 
Total yield from untreated land .. (26.94) (34.80) (5.62) (.68) (.75)I 
Financial Statement. 
Cost of Total value Profit from 
Plant food applied. fertilizer of increase fertilizer 
in 5 Years. in 5 Crops. in 5 Years. 
Nitrogen, 75 lb..... , ................... $12.00 $ .77 ($11.23) loss 

Phosphorus, 20 lb ...................... 2.40 14.51 12.11 

Potassium, 108 lb ........... :. : ...... .. 6.50 .31 (6.19) loss 

Nitrogen, phosphorus ...... .. . ........ $14.40 $17.18 $ 2.78 

Nitrogen, potassium.. . . . . . . .. . ........ 18.50 2.46 (16.04) loss 

Phosphorus, potassium................ 8.90 14.49 5.59 

Nitrogen, phosphorus, potassium...... $20.90 $18.40 ($2.50) loss 
Nitrogen, (11)*, phosphorus, potassium. 26.90 19.42 (7.48) loss 
Value of 5 crops from untreated land .. None (30.64) . ........... 
*1l2Yt lb. of nitrogen on this plot; otherwise the applications were nitrogen. 75 lb., phos­
phorus. 20 lb. , and potassium, 108 lb. per a.cre in 5 years. 
The prices used by the Ohio Station, including $2.00 a ton 
for straw and $3.00 a ton for corn stover, average more than 30 
percent higher than the prices we allow ourselves to use in Illi­
nois; but even at the Ohio prices, when, for the second rotation 
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p e r i o d  o f  f i v e  y e a r s ,  n i t r o g e n  s h o w s  s o m e  p r o f i t  a t  W o o s t e r  w h e n  
u s e d  i n  a d d i t i o n  t o  p h o s p h o r u s ,  t h e  p r o f i t  f r o m  p h o s p h o r u s  a l o n e  
i s  m o r e  t h a n  1 2  t i m e s  a s  g r e a t ,  f o r  e v e r y  d o l l a r  i n v e s t e d ,  a n d  
p o t a s s i u m  m a d e  a  m u c h  p o o r e r  s h o w i n g  e v e n  t h a n  n i t r o g e n ,  a  
d o l l a r  i n v e s t e d  i n  p h o s p h o r u s  h a v i n g  p a i d  m o r e  th~n t w e n t y - e i g h t  
t i m e s  a s  m u c h  a s  w h e n  i n v e s t e d  i n  p o t a s s i u m .  O n  t h e  S t r o n g s ­
v i l l e  f i e l d ,  e v e n  a t  t h e  O h i o  p r i c e s  f o r  f a r m  p r o d u c e ,  n e i t h e r  n i t r o ­
g e n  o r  p o t a s s i u m  p a i d  t~e c o s t ;  n e i t h e r  a l o n e  n o r  i n  a n y  c o m b i n ­
a t i o n .  
F r o m  e v e r y  v i e w  p o i n t  e x c e p t  t h a t  o f  . t h e  s h o r t - s i g h t e d  f e r ­
t i l i z e r  a g e n t ,  t h e  o n l y  c o n c l u s i o n  t o  b e  d r a w n  f r o m  t h e s e  O h i o  e x ­
p e r i m e n t s  i s  t h a t  i f  w e  h a v e  m o n e y  t o  i n v e s t  i n  p l a n t  f o o d  f o r  u s e  
o n  s u c h  s o i l s  w e  s h o u l d  p u r c h a s e  o n l y  t h e  e l e m e n t  p h o s p h o r u s ,  
t h e  n i t r o g e n  t o  b e  s e c u r e d  f r o m  t h e  i n e x h a u s t i b l e  s u p p l y  i n  t h e  
a i r  a n d  t h e  p o t a s s i u m  t o  b e  l i b e r a t e d  f r o m  t h e  i m m e n s e  s u p p l y  
i n  t h e  s o i l .  
I n  T a b l e s  1  a n d  2  a r e  g i v e n  i n  s o m e  d e t a i l  t h e  r e s u l t s  o f  t h e s e  
v a l u a b l e  i n v e s t i g a t i o n s  c o n d u c t e d  a t  W o o s t e r  a n d  S t r o n g s v i l l e  
u n d e r  t h e  d i r e c t i o n  o f  P r o f e s s o r  C h a r l e s  E .  T h o r n e ,  a  m a n  w h o s e  
w o r k  w i t h  f i e l d  e x p e r i m e n t s  e a s i l y  t a k e s  t h e  f i r s t  r a n k  i n  .  
A m e r i c a .  
W h i l e  t h e s e  i n v e s t i g a t i o n s  w i t h  s o l u b l e ,  o r  s o - c a l l e d  a v a i l ­
a b l e ,  f o r m s  o f  p l a n t  f o o d ,  s h o w i n g  l a r g e  p r o f i t  f r o m  p h o s p h o r u s  
a n d  c o n s i d e r a b l e  l o s s  f r o m  t h e  u s e  o f  c o m m e r c i a l  n i t r o g e n  a n d  
p o t a s s i u m ,  a r e  o f  g r e a t  i n t e r e s t  a n d  b e n e f i t ,  o f  s t i l l  g r e a t e r  p r a c ­
t i c a l  v a l u e  t o  I l l i n o i s  a r e  t h e  O h i o  e x p e r i m e n t s  w i t h  f i n e - g r o u n d  
n a t u r a l  r o c k  p h o s p h a t e ,  u s e d  i n  c o n n e c t i o n  w i t h  m a n u r e  i n  a  
t h r e e - y e a r  r o t a t i o n  o f  c o r n ,  w h e a t ,  a n d  c l o v e r ;  a n d  I  a m  g l a d  t o  
s t a t e  h e r e  t h a t  t h e  I l l i n o i s  E x p e r i m e n t  S t a t i o n  a n d  t h e  f a r m e r s  
o f  t h i s  s t a t e  a r e  u n d e r  o b l i g a t i o n s  t o  D i r e c t o r  T h o r n e  a n d  t h e  
O h i o  E x p e r i m e n t  S t a t i o n ,  b e c a u s e  I  h a v e  b e e n  f u r n i s h e d  a l l  o f  
t h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  i n c l } l d i n g  t h e  y e a r  1 9 0 7  f o r  
p r e s e n t a t i o n  a t  t h i s  I l l i n o i s  S t a t e  F a r m e r s '  I n s t i t u t e .  
E l e v e n  y e a r s  a g o  t h e  O h i o  S t a t i o n  b e g a n  a  d u p l i c a t e  e x p e r ­
i m e n t  t o  d e t e r m i n e  w h e t h e r  f i n e - g r o u n d  n a t u r a l  r o c k  p h o s p h a t e  
w o u l d  b e  m a d e  a v a i l a b l e  i f  a p p l i e d  t o  t h e  s o i l  a n d  p l o w e d  u n d e r  
i n  i n t i m a t e  c o n t a c t  w i t h  d e c a y i n g  o r g a n i c  m a t t e r ,  b y  m i x i n g  4 0  /  
p o u n d s  o f  r o c k  p h o s p h a t e  w i t h  e a c h  t o n  o f  m a n u r e  a n d  a p p l y i n g  
8  t o n s  o f  m a n u r e  p e r  a c r e  a n d  b y  c o m p a r i n g  t h e  c r o p  y i e l d s  f r o m  
t h i s  l a n d  w i t h  t h o s e  f r o m  s i m i l a r  a d j o i n i n g  l a p . d  t o  w h i c h  t h e  
s a m e  k i n d  a n d  a m o u n t  o f  m a n u r e  w a s  a p p l i e d  w i t h o u t  t h e  p h o s ­
p h a t e .  
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In 1897 the experimen~ was begun with corn, and in 1898 
this corn was followed by wheatwithotltfurther manuring, but on 
ano~her part of the field the same treatment was again -applied 
for corn, and in 1899 a third part of the field was treated and 
p'lanted in corn, while wheat followed the 1898 corn, and clover 
should have been grown on the field first started, thus making it 
possible thereafter to have every crop in the rotation growing 
e~ery year; and by duplicating the experiment, using two kinds 
of manure, there were six tests every year after the experiment 
was well under way. \ . 
Of course, there was no wheat crop for the first year and 
no clover for the first two years, and the clover failed even the 
third and fourth years, but with these exceptions there hay~ been 
six tests every year, or 56 separate tests during the 11 years. 
TABLE 3 . . INCREASE FROM 320 POUNDS OF ROCK PHOSPHATE AND 8 TONS 
OF MANURE OVER 8 TONS OF MANURE ALONE IN THREE-YEAR ROTATION 
(Eleven years' duplicated res~lts from Ohio Experiment Statron) . 
-----.---------;----....,---.~----;---- --_ .• 
Corn IWheat Clover 
Time. No. of at 35c at 70c at $6.00 Total tests. val ue.bu. _ r bu. ton. 
First year (1897) ................... . 2 $ 1.72 $ 1.72 
Second year (1898). J ............. . 4 -. 70 $ 2.45 ........ 1.75 
Third year (1899)................. . 4 1.79 2.45 (?)* 4.24 
Fourth year (1900) ................. 4 $ 1.23 $ 7.21 (?)* $ 8.44 
Fifth year (1901) ................... 6 1.86 3.50 $ :.3006 . 8.42 
Sixth year (1902) ... ..... 6 3.68 1.75 a.79 9.22• 0 •••••• _ 
Seventh year (1903) .... . ... ... ... . 6 $ 4.12 $ 4.97 $ 2.83 $11.92 

Eighth year (]904) ......... , ....... 6 .77 2.52 4.90 8.19 

Ninth year (1905).................. 6 3.19 4.48 2.18 9.85 

Tenth year (1906) ...... . .......... 6 $ 4.-78 $ 5.46 $ 2.75 $12.99 
Eleventh year (1907). . . . . . . . . . . . . .. • 6 1.71 ,14 1.40** 3.25 
Total for 11 years.. . . . . . . . . . . . . . . . 56 $24.15 $34.93 $20.91 $79.99 
Cost of phosphorus. . . . .. ......... 56 14.08 0.00 0.00 14.08 
Profit in 11 years. . . . . . ... . .. . . . . .. 56 $10.07 $34.93 $20.91 $65.91 
. Average of 56 above tests, $1.00 in rock phosphate paid back ....... $5.68 
.Average of 56 similar tests, $1.00 in acid phosphate paid back. . . . . 4.07 
*Clover failed; soybeans grown and plowed under. **Soybean hay; clover failed. 
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T h e  v a l u e  o f  t h e  i n c r e a s e  p r o d u c e d  w i t h  r o c k  p h o s p h a t e  a n d  
m a n u r e  a b o v e  t h a t  p r o d u c e d  w i t h  m a n u r e  a l o n e  i s  s h o w n  i n  T a b l e  
3  f o r  e a c h  o f  t h r e e  c r o p s ,  a l s o  t h e  t o t a l  i n c r e a s e  f o r  t h e  t h r e e  
c r o p s .  
I t  w i l l  b e  o b s e r v e d  t h a t  t h e  e f f e c t  o f  t h e  p h o s p h a t e  i s  v e r y  
s l i g h t  i n  c e r t a i n  c a s e s ;  a n d  i n  1 8 9 8  t h e  a v e r a g e  y i e l d  o f  c o r n  w a s  
t w o  b u s h e l s  l e s s  w h e r e  p h o s p h a t e  w a s  a d d e d  w i t h  t h e  m a n u r e  
t h a n  w h e r e  m a n u r e  a l o n e  w a s  u s e d ,  a n d  i n  1 9 0 7  t h e  g a i n  o n  t h e  
w h e a t  c r o p  a m o u p . t e d  t o  o n l y  1 4  c e n t s  i n  v a l u e .  E v e n  t h e s e  r e ­
s u l t s  a r e  i m p o r t a n t  b e c a u s e  t h e y  e m p h a s i z e  t h e  f a c t  t h a t  w h e n  
o n e  m a n  m a k e s  a  s i n g l e  t r i a l  i n  a  s i n g l e  y e a r  w i t h  a  s i n g l e  c r o p  
a n d  g u e s s e s  t h a t  t h e  c r o p  i s  e i t h e r  b e t t e r  o r  p o o r e r  t h a n  o n  t h e  
u n t r e a t e d  l a n d ,  h i s  o p i n i o n  h a s  v e r y  l i t t l e  v a l u e ,  n o t w i t h s t a n d i n g  
t h e  f a c t  t h a t  h i s  o w n  e x p e r i m e n t ,  w i t h o u t  s c a l e s  o r  m e a s u r e m e n t s ,  
m a y  h a v e  g r e a t e r  i n f l u e n c e  u p o n  h i s  m i n d  e i t h e r  f o r  o r  a g a i n s t  t h e  
s y s t e m  t h a n  e v e n  e l e v e n  y e a r s  o f  t h e - m o s t  c a r e f u l l y  c o n d u c t e d  
e x p e r i m e n t s .  
A t  $ 8 . 0 0  a  t o n  t h e  c o s t  p e r  a c r e  i n  t h e s e  O h i o  e x p e r i m e n t s  
w a s  $ 1 . 2 8  f o r  t h e  r o c k  p h o s p h a t e ,  a p p l i e d  o n l y  o n c e  i n  t h r e e  y e a r s  
o n  a n y o n e  f i e l d ,  b u t  a p p l i e d  t o  a  d i f f e r e n t  f i e l d  e v e r y  y e a r .  T h u s  
t h e  t o t a l  c o s t  o f  t h e  r o c k  p h o s p h a t e  f o r  t h r e e  a c r e s  o f  l a n d  f o r  1 1  
y e a r s  a m - o u n t s  t o  $ 1 4 . 0 8 , w h i l e  t h e  v a l u e  o f  t h e  i n c r e a s e  i n  t h e  crop~ 
p r o d u c e d  b y  t h e  p h o s p h a t e  d u r i n g  t h a t  t i m e  a m o u n t s  t o  $ 7 9 . 9 9 ,  o r  
$ 5 . 6 8  r e t u r n  f o r  e v e r y  d o l l a r  i n v e s t e d  i n  t h e  r o c k  p h o s p h a t e .  
L e t  t h i s  f a c t  b e  r e p e a t e d :  A s  a n  a v e r a g e  o f  5 6  s e p a r a t e  t e s t s ,  
c o v e r i n g  1 1  y e a r s  w i t h  t h r e e  di~erent k i n d s  o f  c r o p s  a n d  t w o  k i n d s  
o f  m a n u r e  o n  l a n d  t h a t  i s  n o t  s o  p o o r  h i  p h o s p h o r u s  a s  t h e  c o m ­
m o n  w o r n  p r a i r i e  l a n d  i n  I l l i n o i s ,  e v e r y  d o l l a r  i n v e s t e d  i n  f i n e ­
g r o u n d  n a t u r a l  r o c k  p h o s p h a t e  h a s  a l r e a d y  p a i d  b a c k  $ 5 . 6 8 ,  w i t h  
c o r n  a t  3 5  c e n t s  a  b u s h e l ,  w h e a t  a t  7 0  c e n t s  a  b u s h e l ,  a n d  c l o v e r  
h a y  a t  $ 6 . 0 0  a  t o n ,  a n d  w i t h  o n e  w h e a t  c r o p  a n d  f o u r  h a y  c r o p s  . .  
l a c k i n g  d u r i n g  t h e  1 1  y e a r s .  
.  F u r t h e r m o r e ,  i n  5 6  o t h e r  e n t i r e l y  s i m i l a r  t e s t s  c o n d u c t e d  o n  

t h e  s a m e  k i n d  o f  l a n d  d u r i n g  t h e  s a m e  t i m e ,  w h e r e  a c i d  p h o s ­ 

p h a t e  w a s  u s e d  i n s t e a d  o f  n a t u r a l  r o c k  p h o s p h a t e ,  e v e r y  d o l l a r  i n ­ 

v e s t e d  i n  t h e  a c i d  p h o s p h a t e  p a i d  b a c k $ 4 .  0 7 :  

I n  a d d i t i o n  t o  t h i s  w e  h a v e  t h e  r e s u l t s  o f  t h e  f e r t i l i z e r  e x p e r - .  
i m e n t s  p r e v i o u s l y  d e s c r i b e d  w i t h  t h e  f i v e - y e a r  r o t a t i o n  o n  t h e  
s a m e  k i n d  o f  s o i l  a t  W o o s t e r ,  w h e r e  a s  a n  a v e r a g e  o f  5 9  t e s t s  c o v ­
e r i n g  1 3  y e a r s  e v e r y  d o l l a r  i n v e s t e d  i n  a c i d  p h o s p h a t e  p a i d  b a c k  
$ 4 . 7 6 .  
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TABLE 4. V ALUE OF MANURJ'] AND ROCK PHOSPHATE 
(Average increase in crop yields in Ohio experiments) 
In-
Manure and treatment per acre. 
(Applied to clover sod and plowed
under for corn). 
Corn, 
ll-yr.
Av., 
bu. 
Wheat, 
10-yr.
Av., 
bu. 
Hay,
7-yr.
Av., 
tons. 
crease 
in 
man­
ure,* 
tons. 
Yard manure, 8 tons per acre.............. 1 16 .8 8.5 .32 2.00 

Stall manure, 8 t ons per acre.. . . . . . . . . .... 23 .1 · 9.9 .60 2.82 
Stall manure, 8 tons, and rock phosphat e, 1 
29.4 15.2 1.16 4.21 
Total ~i~I~bo~·~~t~e...t.;d .i~~d: : : : : : : : : : : : : . 1 (34.6) (10.4) (1.02) (4.20) 
1 
'Financial Statement. 
In-Value In­ creaseof in- Cost of crease fromManure and t reatment. crease phos- from $1.00in3 phorus. phos­ in-crops. phorus. vested. 
I 
Yard manure, 8 t ons ............. . ......... $13.75 

Stall manure, 8 tons........ : ... . .......... 18 ;62 

Stall manure and rock Phosphate .......... 27.89 $1.28 $9.27 $7.24 

From untreated land ...... . ......... . ..... (25.48) 

. Value of 8 tons yard manure, 3 to 5 months old............. . . . ..... $13.75 

Value of 12 tons fresh stall manure required for same ........... . . .. 27.93 

Value 'of 12 tons stall manure phosphated (net) ............... .. ; .... 39.92 

*Assuming that two-thirds of the crops produced are used for feed and bedding and that 
one-fifth of the manure produced will be lost. The untreated land would thus furnish 4.20 tons 
of manure. 
Before leaving these Ohio experiments I desire to call atten­
tion to Table 4, in which is reported in detail the effect of yard 
manure, of stall manure, and of stall manure with rock phosphate, 
upon the average yield of corn, wheat, and clover. The results 
reported are not the total yields but only the increase produced 
by the different treatments, except in case of the untreated land, 
where the total yield is given. 
As an average of 11 crops of corn, 10 crops of wheat., and 7 
crops of hay, it will be observed that 8 tons of yard manure pro­
duced increased yields worth $13.75. .On the same basis 8 tons of 
stall manure were worth $18.62, while 8 tons of stall manure to 
which $1. 28 worth of rock phosphate was added were worth $27. 89. 
, In other words, the phosphated stall manure is worth more than 
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twice as much as the yard manure, and one dollar invested in rockphosphate has paid back $7.24 when used in connection with ma­
nure that has been properly cared for. Even this comparisondoes not do justice to the stall manure, because to produce 8 tons
of yard manure 3 to 5 months old requires about 12 tons of fresh
stall manure at the beginning. In other words, if twelve tons offresh stall manure are exposed in the open yard for 4 months,
not more than 8 tons of yard manure will be left at the end of
that time under average spring or summer conditions.
Thus, it is fair to say that 12 tons of stall manure after 4
months exposure are reduced to 8 tons of yard manure worth$13.75, while 12 tons of fresh stall manure are worth $27.93; and12 tons of phosphated stall manure are worth $41.84 gross, or$39.92 if we deduct the cost of the rock phosphate.
It should also be mentioned that if 4.20 tons of manure couldbe made from the produce of the untreated land, then 6.20 tons
could be made from the yard manure plots and 7.02 tons from the ·
stall manure plots, while the produce from the land treated with
stall manure and rock phosphate would furnish 8.41 tons of.man­
ure to be returned, or slightly more than was applied. 
While the same amount of manure has been applied regularly
to these different plots, it is plain to see that, in full justice to the
_treatment, the manure should be returned in proportion to the
crop yields secured during the previous rotation, because the
amount of manure possible is in direct proportion to the previous
crop yields. 
In the soil experiments in progress in various parts of Illinois
the plan adopted where manure is used is to apply the manure inproportion to the crop yields of the preceding rotation. 
In Table 5 are given the yields of air-dry clover hay from
.three different series of plots on ~he University of Illinois soil ex­periment fields at Urbana, during the last three years. The one
striking result is that phosphorus has doubled the yield of clover
as an average of the three years. 
On the Bloomington soil experiment field in McLean County,
referred to in the lower part of Table 5, phosphorus increased
the yield of wheat by 10 bushels per acre in 1905, increased theyield of clover by more than one ton per acre in 1906, and increased
the yield of corn following clover by 19 bushels per acre in 1907.The increase in either crop would practically. pay the cost ofphosphorus apP1.ied for three years. 
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TABLE 5. CLOVER YIELDS FROM ILLINOIS CORN BELT PRAIRIE SOIL 

Urbana Soil Experiment Field 

Clover Clover Clover 
Special soil treatment. 1905, 
tons. 
1906, 
tons. 
1907, 
tobs. 
.81 .76 .62r~~:::::: .. ::: _.:::::::::::::::: ........ ::: · .87 .96 .61 
Lime, phosphorus . .......... . . . . . . _....... . 1.83 1.71 -1.48 
Lime, phosphorus, potassium _......... . .... . 2.00 1. 75 1.62 
Bloomington Soil Experiment Field-. 
Wheat Clover Corn 
Speciai. soil treatment. 1905, 1906, 1907, 
bu. tons. bu. 
I ••• • • I.None ........... ............... . . 31 .39 61 

Lime ........................... 29 .58 63
II •••••••••• • 
Lime, phosphorus ......... . ....... -... . ...... 39 1.65 82 

Lime, phosphorus, potasstum ......... . _ . ... 38 2.36 81 

On both of these fields, the phosphorus has been applied in 
steamed bone meal during the past six years. 
Experiments with the use of natural rock phosphate were 
started more recently in Illinois, but! if rotting organic matter 
will make rock phosphate available in Ohio, it will do the same 
thing in Illinois. It may be said, however, that the Illinois soil 
investigations have shown not only that phosphorus is becoming 
deficient in our common soils, as established by chemical analy­
sis, and not only that the use of phosphorus in steamed bone 
meal produces marked and profitable increases in crop yields, 
but also that fine-ground natural rock phosphate gives good re­
sults on our soils, certainly as good a~ we could reasonably ex­
pect under the conditions and during the first few years. 
In Table 6 are reported in detail the results of 4 years, exper­
iments with rock phosphate applied at the rate of one ton per 
acre oli the South Farm experiment field ·at Urbana. 
A four-year rotation of corn, oats, wheat, and clover is prac­
ticed on four series bf plots, so that every crop may be represent­
ed every year. This has been the ' case during the past four 
years except for the clover crop in the first year. There are 
four different tests with every crop every year, so that this ex­
- - - - - - - - - -
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p e r i m e n t  i n c l u d e s  1 6  t e s t s  w i t h  e a c h  o f  t h e  g r a i n  c r o p s  a n d  1 2  
t e s t s  w i t h  t h e ' c l o v e r  c r o p .  
F r o m  t h e  l a s t  c o l u m n  i t  w i l l  b e  s e e n  t h a t  a s  a n  a v e r a g e  o f  a l l  
c r o p s  g r q w n  d u r i n g  t h e  f o u r  y e a r s  t h e  i n c r e a s e  p r o d u c e d  b y  t h e  
r o c k  p h o s p h a t e  h a s  b e e n  w o r t h  $ 7 . 9 5 ,  w h i l e  t h e  2 5 0  p o u n d s  o f  
p h o s p h o r u s  a p p l i e d  c o s t  $ 8 . 0 0  a n d  2 1 0  p o u n d s  o f  i t  s t i l l  r e m a i n  
i n  t h e  s o i l .  
T A B L E  6 .  R O C K  P H O S P H A T E  O N  U R B A N A  E X P E R I M E N T  F I E L D  
( T y p i c a l  I l l i n o i s  c o r n  b e l t  p r a i r i e  s o i l )  
A v e r a g e  y i e l d  
N o .  o f  
V a l u e  o f
O r o p s .  
W i t h o u t  I  W i t h  
I n c r e a s e .
t e s t s .  
i n c r e a s e .
p h o s p h o - p h o s p h o ­
r u s .  r u s .  
-
C o r n  . . . . . . . . .  , . . . . . . . . . .  
.  1 6  
6 4 . 6  b u .  
6 6 . 9  b u .  
2 . 3  b u .  
$  . 8 1  

O a t s  .  .  . . . . . . .  . . . . . . . . . .  
1 6  4 0 . 0  
4 4 . 5  4 . 5  1 . 1 3 

"  
"  "  
W h e a t . . . . . . . . . . . . . . . . . . .  1 6  2 6 . 9  
3 1 . 8  4 . 9  3 . 4 3 

"  
"  "  
C l o v e r . . . . . . .  . . . . . . . . . .  
1 2  
1 . 1 9  T .  1 . 6 2  T .  
. 4 3  r . r  
2 . 5 8  

. V a l u e  ( 2 5 0 - 4 0 )  =  2 1 0  l b .  p h o s p h o r u s  a n d . . . . . . . . .  :  . . . . . . . . . . . . . . . . .  . . . . $ 7 . 9 5  

R e s u l t s  f o r  1 9 0 7  o n l y .  
C o r n  . . . . . . .  . . . . . . . . .  . . . .  
4  6 4 . 5  b u .  
70~ 0 b u .  5 . 5  b u .  $ 1 . 9 3  

O a t s  . . . . . . . . . . . . . . . . . . . .  4  3 3 . 0  3 4 . 7  
1 . 7  . 4 3 

"  
"  "  
W h e a t  . . . . . . . . . . . . . . . . .  
4  4 0 . 3  
4 2 . 9  
2 . 6  . "  
1 . 8 2 

"  
"  
C l o v e r  
. .  . "  . . . . . . . . . .  
4  1 . 3 9  T .  2 . 6 4  T .  1 . 2 5  T .  
7 . 5 0  

V a l u e  ( 2 5 0 - 4 9 )  =  2 0 1  l b .  p h o s p h o r u s  a n d  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . $ 1 1 . 6 8  

O o s t  o f  2 5 0  l b .  p h o s p h o r u s  i n  1  t o n  o f  r o c k  p h o s p h a t e .  .  .  . .  . . . . . . . . . . .  8 . 0 0  

P h o s p h o r u s  i n  s o i l  a t  e n d  o f  4  y e a r s  . . . . . . . . . . . . . . . . . . . . . .  L 1 6 0  l b .  o r  1 4 0 1  l b .  

I f  w e  c o n s i d e r  t h e  r e s u l t s  o f  1 9 0 7  o n l y ,  i t  · w i l l  b e  s e e n  t h a t  
t h e  i n c r e a s e  i n  t h e  f o u r  c r o p s  i s  w o r t h  $ 1 1 . 6 8 ,  o r  $ 3 . 6 8  m o r e  
t h a n  t h e  c o s t  o f  t h e  p h o s p h o r u s ,  a n d  m o r e  t h a n  f o u r - f i f t h s  o f  t h e  
p h o s p h o r u s  a p p l i e d  s t i l l  r e m a i n s  i n  t h e  s o i L  I n  o t h e r  w o r d s ,  t h e  
t r e a t e d  s o i l  h a s  f u r n i s h e d  4 9  p o u n d s  o f  p h o s p h o r u s  t o  t h e  c r o p s  
g r o w n  b u t  s t i l l  h a s  1 4 0 1  p o u n d s  i n  t h e  p l o w e d  s o i l ,  o r  2 0 1  p o u n d s  
m o r e  t h a n  a t  t h e  b e g i n n i n g ,  w h i l e  t h e  u n t r e a t e d  s o i l  i s  p o o r e r  
t h a n  a t  t h e  b e g i n n i n g  b y  4 0  p o u n d s  o f  p h o s p h o r u s ,  w h i c h ,  i f  i t  
a l l  c a m e  f r o m  t h e  surfac~ s o i l ,  w o u l d  r e d u c e  t h e  p h o s p h o r u s  i n  
t h e  f i r s t  7  i n c h e s  f r o m  1 2 0 0  t o  1 1 6 0  p o u n d s  p e r  a c r e .  O f  c o u r s e  
s o m e  o f  t h e  p h o s p h o r u s  w i l l  c o m e  f r o m  t h e  s u b s o i l  s o  l o n g  a s  
t h e  s u r f a c e  s o i l  i s  r i c h  e n o u g h  t o  g r o w  c r o p s .  
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In Table 7, are reported results obtained from the Galesburg 
soil experiment field in Knox County, which, like the Urbana and 
Bloomington fields, .is locat~d on the ordinary or most common 
Illinois prairie] and. 
TABLE 7. ROCK PHOSPHATE ON GALESBURG EXPERIMENT FIELD 
(Typical Illinois corn belt prairie soil) 
. . I 
Average yields. 
No. of • I Value of 
Crops. tests. Witliout ! With ncrease. increase. · 
phospho- phospho­
rus. rus. 
1st-yr. corn.....•....... ! 8 ! 69.8 bU. ! 75.3 bU. ! 5.5 bu. $ 1.93 

2nd-yr. Corn........... 8 64.8 " 74.1 " 9.3" 3.26 

Oats . ................... ! 4 !50.7 bU.!54.3 bu. I ~.6 bu. $ .90 

Wheat . ............ ..... 4 35.2" 40.3 " 5.1 " 3.57 

1st-yr. Hay .............. ! 4 ! .~6 T. 1 1.02 T. ! .20 T. $ 1.56 

. 2nd-yr. Hay............. 4 1.36" 1.89 " .53 " 3.18 

Value (375-68) = 307 lb. phosphorus and. . ....... ... .............. $14.40 
Cost of 375 lb. phosphorus in It tons of rock phosphate. . . . .... . .... 12.00 
Phosphorus in soil at end of 6 years ......... ............. 1144 lb. or 1507 lb. 
A six-year rotation is underway, consisting of corn for two 
years, followed by oats and wheat, and then by two years of 
clover and timothy. ' There are three independent series of plots, 
so that every year corl). is growing on one series, oats or wheat 
on another series, and clover and timothy on the other. The 
land was in timothy sod at the beginning. 
An initial application of 1t tons' per acre of rock phosphate 
was applied to certain plots in each series, and this application 
will be repeated each rotation until the total phosphorus content 
of the plowed soil is increased to about 2000 pounds, after which 
the applications will probably be reduced so as to supply only as 
much phosphorus as is· removed in the crops grown. 
Of course the results thus far secured are very preliminary 
and show·but little of what it is reasonable to expect from the 
system when fully underway after the benefit of .one or two ful} 
rotations is felt: but the data reported in Table 7 are a trust­
worthy indication of the progress being made. 
The value of the increase from the six crops am,ounts to 
$14.40, or $2.40 more than the cost of the rock phosphate applied. 
Furthermore, of the 375 pounds of phosphorus added, only 68 
pounds have been removed in the larger crops f~om ·the treated 
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l a n d ,  s o  t h a t  t h e  n e t  r e s u l t  h a s  b e e n  t o  i n c r e a s e  t h e  t o t a l  s u p p l y  
o f  p h o s p h o r u s  i n  t h e  s u r f a c e  s o i l  f r o m  1 2 0 0  p o u n d s  t o  1 5 0 7  
p o u n d s ,  w h i l e  o n  t h e  u n t r e a t e d  l a n d  t h e  o r i g i n a l  s u p p l y  h a s  b e e n  
d e c r e a s e d  b y  5 6  p o u n d s  p e r  a c r e .  
O n  f o u r  d i f f e r e n t  s o i l  e x p .e r i m e n t  f i e l d s ,  i n  t h e  c o u n t i e s  o f  
K n o x ,  O g l e ,  W i n n e b a g o ,  a n d  L a k e ,  a s  a n  a v e r a g e  o f  3 2  d i f f e r e n t  
t e s t s ,  i n  1 9 0 6  a n d  1 9 0 7 ,  r o c k  p h o s p h a t e  i n c r e a 's e d  t h e  y i e l d  o f  
a i r - d r y . c l o v e r  h a y  b y  . 5 5  t o n ,  a n d  t h i s  w a s  d o n e  w i t h o u t  a d e q u a t e  
s u p p l i e s  o f  d e c a y i n g  o r g a n i c  m a t t e r ,  b u t  wher~ t h e  p h o s p h a t e  
h a d  b e e n  a p p l i e d  t w o  y e a r s  b e f o r e  a n d  w a s  w e l l  m i x e d  w i t h  t h e  
s o i l .  
,  W h i l e  n l o r e  t h a n  h a l f  a  t o n  o f  a i r - d r y  h a y  w i l l  p a y  f o r  t h e  
a n n u a l  c o s t  o f  t h e  p h o s p h a t e  a p p l i e d  a n d  l e a v e  4 0  p e r c e n t  p r o f ­
i t ,  m u c h  b e t t e r  r e s u l t s  a r e  c e r t a i n  t o  f o l l o w  w h e n  t h e  c l o v e r  o r  
o t h e r  d e c a y i n g  o r g a n i c  m a t t e r  i s  r e t u r n e d ,  n o t  o n l y  t o  f u r n i s h  
n i t r o g e n  f o r  o t h e r  c r o p s ,  b u t ' t o  ' h a s t e n  t h e  l i b e r a t i o n  o f  t h e  p h o s ­
p h o r u s .  
I  s h o u l d  r e m i n d  y o u  t h a t  t h e  d i s c u s s i o n  - i n  t h i s  p a p e r  a p ­
p l i e s  d i r e c t l y  t o '  w h a t  i s  e v e r y w h e r e  r e c o g n i z e d  a s  t h e  c o m i n o n  
p r a i r i e  s o i l s ' o f  t h e  I l l i n o i s  c o r n  b e l t .  T i m e  d o e s  n o t  p e r m i t  a  
d i s c u s s i o n  o f  t h e  m a n y  o t h e r  n o r m a l  a n d  a b n o r m a l  t y p e s  o f  s o i l  
f o u n d  i n  t h i s  s t a t e ,  s u c b  f o r  e x a m p l e  a s  t h e  y e l l o w  s i l t  l o a m  o f  
t h e  w o r n  h i l l  l a n d s ,  m o s t  d e f i c i e n t  i n  n i t r o g e n  a n d  h u m u s ;  t h e  
s t r o n g l y  a c i d  s o i l s  f o u n d  m o s t  e x t e n s i v e l y  i n  s o u t h e r n  I l l i n o i s  
a n d  t o  s o m e  e x t e n t  i n  o t h e r  s e c t i o n s ;  t h e  s a n d  s o i l s  w h i c h  a l s o  
c a n  b e  m a d e  h i g h l y  p r o d u c t i v e  b y  p r o f i t a b l e  m e t h o d s ;  t h e  h e a v y  
b l a c k  g u m b o  s o i l s  f o u n d  i n  p } a c e s  o n  t h e  f l a t  p r a i r i e s ,  t h e  r i c h e s t  
a n d  m o s t  d u r a b l e  u p l a n d  s o i l s  i n  t h e  s t a t e ;  t h e  p e a t y  s w a m p  
l a n d s  o n  w h i c h  1 3  c a r  l o a d s  o f  p o t a s s i u m  c h l o r i d  w e r e  u s e d  o n l y  
i n  t h e  v i c i n i t y  o f  t h e  T a m p i c o  e x p e r i m e n t  f i e l d  i n  1 9 0 7 ,  a t  a  c o s t  o f  
a b o u t  $ 1 3 , 0 0 0  a n d  w i t h  a  n e t  p r o f i t  o f  m o r e  t h a n  t w i c e  t h a t  sum~ 
n o r  c a n  I  d i s c u s s  h e r e  a n y o n e  o f  m o r e  t h a n  a  h u n d r e d  o t h e r  d i f f e r . '  
e n t  t y p e s  o f  s o i l  a l r e a d y . f o u n d  i n  t h e  d e t a i l  s o i l  s u r v e y  o f  I l l i n o i s .  
A t t e n t i o n  i s  c a l l e d  t o  t h e  f a c t  t h a t  a  f u l l  r e p o r t  o f  t h e  g e n e r ­
a l  s o i l  s u r v e y  o f  I l l i n o i s  i s  g i v e n  i n  E x p e r i m e n t  S t a t i o n  B u l l e t i n  
1 2 3 ,  " T h e  F e r t i l i t y  i n  I l l i n o i s  S o i l s , "  w h i c h  i n c l u d e s  a  c o l o r e d  
m a p  ' s h o w i n g  a l l  o f  t h e  g r e a t  s o i l  a r e a s ,  h u n d r e d s  o f  s o i l  a n a l ­
y s e s  r e p r e s e n t i n g  t w e n t y - f i v e  o f ,  t h e  m o s t  i m p o r t a n t  a n d ,  e x ;  
t e n s i v e  s o i l  t y p e s  i n  I l l i n o i s ,  a n d  t y p i c a l  i l l u s t r a t i o n s  o f  r e s u l t s . ,  
o b t a i n e d  f r o m  d i f f e r e n t  k i n d s  o f  s o i l  t r e a t m e n t  a n d  s o i l  i m p r o v e - .  
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ment on soil experiment fields in all sections of the state. Be­
sides this, the bulletin contains some definite information, relat­
ing to the plant food required by different ' crops, the sources, 
approximate cost, and methods of using different plant food 
materials. · 
Attention is also called to the fact that the detail soil survey 
of Illinois already covers nearly twenty-seven counties. In this 
detail survey every type of soil is mapped, the extent, location, 
and boundary lines being determined. Soil s-ampIes are collected 
from every type, and these are being analyzed, and pot cultures 
and field experiments are being conducted so far as possible, so­
that, when the county soil maps are published, the report may 
also include definite information...relating to the stock of plant food 
in every ty'pe of soil on every farm, together with tried methods 
for maintaining or improving its productive power. 
A very full statement concerning the progress of the detail 
soil survey by counties has been prepared by your own committee 
on Experiment Station work for publication in the annual report 
of the Illinois State Farmers' Institute for 1907. 
In conclusion let me emphasize the fact that the Illinois Ex­
periment Station has always advised against the use of orflinary 
commercial fertilizers, and we now still more strongly advise 
against the use of such fertilizers. Why? In small part because 
they tend possibly to injure the soil, but in large part because 
they are used as soil stimulants and not for soil improvement. 
They are so expensive that no general farmer can afford to use 
them in sufficient amount to actually enrich his soil, but only to 
supplement the plant food forced from the soil, while the land it­
self becomes poorer and poorer. 
To buy in ordinary 2-8-2 commercial fertilizer sufficient phos­
phorus for a hundred-bushel crop of corn would cost from $8.00 
to $10.00; to buy the potassium would cost from $40 to $50; while 
the nitrogen would cost at least $90 for one such crop of corn. 
On the other hand, no man ought to be blinded by an ignor­
ant prejudice. The·re is a difference betwen $8.00 for 250 pounds 
of phosphorus in a ton of natural rock phosphate and $80 for the 
same amount of phosphorus in 4 tons of manufactured acidulated 
mixed commercial fertilizer. ·Natural rock phosphate is the kind 
of phosphorus originally containedin the soil, and it may be ap­
plied at any time and in any quantity with no danger that it will 
ever injure the soil, and it will remain in the soil until removed 
by crops. 
2 4  
E v e n  i n  t h e  c a s e  o f  l i m e  f o r  a c i d  s o i l s ,  w e  d o  n o t  a d v i s e  t h e  
u s e  o f  b u r n e d  l i m e ,  b u t  a l w a y s  t h e  n a t u r a l  p r o d u c t ,  f i n e - g r o u n d  
n a t u r a l  l i m e s t o n e ,  e x a c t l y  t h e  s a m e  m a t e r i a l  a s  i s  c o n t a i n e d  i n  t h e  
n a t u r a l  l i m e s t o n e  s o i l s .  
I  c l o s e  w i t h  a  f i n a l  w o r d  o n  t h e  f u n c t i o n s  o f  h u m u s :  H u m u s  
h a s  w e l l  b e e n  c a l l e d  t h e  l i f e  o f  t h e  s o i l .  H u m u s  n o t  o n l y  i m p r o v e s  
t h e  t i l t h  a n d  t e x t u r e  a n d  a b s o r b i n g  a n d  water-hol~ing p o w e r  o f  
t h e  s o i l ,  b u t  h u m u s  c o n t r o l s  i n  l a r g e  m e a s u r e  t h e  s u p p l y  o r  
a v a i l a b i l i t y  o f  e v e r y  v a l u a b l e  e l e m e n t  o f  p l a n t  f o o d .  I n  t h e  p r o ­
d u c t i o n  o f  h u m u s  f r o m  c l o v e r  w e  s e c u r e  t h e  n i t r o g e n  t a k e n  f r o m  
t h e  a i r .  A s  - t h e  h u m u s  d e c a y s  i n  t h e  s o i l  t h e  p o t a s s i u m  a n d  o t h ­
e r  e l e m e n t s  p r e s e n t  i n  i n e x h a u s t a b l e  a m o u n t  a r e  g r a d u a l l y  d i s ­
. s o l v e d  a n d  m a d e  a v a i l a b l e  f o r  t h e  g r o w i n g  c r o p ;  a n d  b e c a u s e  o f  
. t h i s  p o w e r  o f  h u m u s  w e  a r e  a b l e  t o  m a k e  u s e  o f  l o w - p r i c e d  p h o s ­
p h o r u s  a p p l i e d  i n  a m o u n t s  m o r e  t h a n  s u f f i c i e n t  f o r  l a r g e  c r o p s  
a n d  d e p e n d  u p o n  t h e  d e c a y i n g  a n d  f e r m e n t i n g  o r g a n i c  m a t t e r  t o  
d e c o m p o s e  a n d  d i s s o l v e  t h e  o t h e r w i s e  i n s o l u b l e  r o c k  p h o s p h a t e .  
T o  a d o p t  a n d  m a i n t a i n  a  s y s t e m  t h a t  w i l l  i n c r e a s e  t h e  p h o s ­
p h o r u s  a n d  h u m u s  i n  o u r  c o m m o n  I l l i n o i s  s o i l s  i s  t o ,  a d o p t  a n d  
m a i n t a i n  a  s y s t e m  o f  p e r m a n e n t  p r o s p e r o u s  a g r i c u l t u r e  f o r  
I l l i n o i s  p e o p l e .  
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NOTES 
NATURAL ROCK PHOSPHATE 
Fine-ground raw rock phosphate, containing from 10 to 14 
percent of phosphorus, can be obtained from the Mt. Pleasant 
Fert,ilizer Co., Mt. Pleasant, Tenn.; from Robin Jones, Nash­
ville, Tenn.; from the N. Y. & St. L. Mining & Mfg. Uo., St. Louis, 
. Mo.; from the Swan Creek Phosphate Co., Chicago, Ill.; from the 
Jackson Phosphate Co., Mt. Pleasant, Tenn.; or from R. G. Alex­
ander, Mt. Pleasant, Tenn.; delivered in bulk on board cars at the 
mines in Tennessee for $2.50 to $5.00 per ton, the price varying with 
the quality. The freight rate from Tennessee to most points in 
southern and central Illinois is $3.00 to $4.00 a ton, and $1.00 to 
$2.00 higher to northern Illinois points. 
It should be borne in mind that rock phosphate varies much 
in quality. Consequently it should always be purchased upon a 
guaranteed analysis and it is advisable for the purchaser to take 
an average sample of the carload when received and have it 
analyzed, even though it cost him $2.00 or $3.00 for the analysis. 
To collect an average sample take a small teaspoonful from 
about fifty different places in the car, not only from the surface 
but also from different depths. These fifty spoonfuls well mixed 
together will make a trustworthy sample, and about one lJound of 
this should be sent to some commercial chemist for analysis . 
. If 12t percent rock, containing 250 pounds of phosphorus 
per ton, costs $7.50 (including freight), then 10 percent rock, ' 
containing 200 pounds of the element per ton, is worth $6.00, a 
difference in value of $1.50 per ton, which amounts to $45 on a 
30-ton car ot rock phosphate. 
The important phosphorus compound in rock phosphate is 
calcium phosphate, Caa (P04)2. The percentage of this compound 
in the rock phosphate marks the purity of the rock. Thus, if the 
rock phosphate contains 60 percent of calcium phosphate, it is 
60 percent pure, with 40 percent of impurities. 
The natural rock phosphate deposits now being mined vary 
from about 50 percent to 70 percent, and we consider 62t percent 
as a good average grade. The impurities consist of sand, shale, 
and other earthy materials naturally occurring in the phosphate de­
posits. The compound,calcium phosphate, is sometimes called bone 
phosphate, because it is the phosphorus compound in bone; it is 
also called lime phosphate, although it does not contain lime as 
such and has no power to correct soil acidity; and in the whole­
sale trade this compound is called "bone phosphate of lime" (B. 
P. L.). It is important to know that this compound itself is ab­
solutely constant and always contains exactly 20 percent of the 
element phosphorus, so that rock phosphate which contains "60 
percent B. P. L." must contain 12 percent of phosphorus. 
2 6  
S o m e t i m e s  t h e  gu~rantee i s  g i v e n  a s  " p h o s p h o r i c  a c i d , "  
m e a n i n g  p h o s p h o r i c  o x i d e ,  P 2 0 5 .  T h i s  a l s o  i s  a  d e f i n i t e  c o m ­
p o u n d  a n d  a l w a y s  c o n t a i n s  4 3 i  p e r c e n t  o f  t h e  e l e m e n t  p h o s ­
p h o r u s .  T h u s ,  i t  w i l l  b e  s e e n  t h a t  t h e  s a m e  s a m p l e  o f  r o c k  
p h o s p h a t e  m a y  b e  g u a r a n t e e d  t o  c o n t a i n  6 2  p e r c e n t  o f  c a l c i u m  
p h o s p h a t e ;  C a 3 ( P 0 4 ) 2 ,  o r  2 8 . 4  p e r c e n t  o f  " p h o s p h o r i c  a c i d "  ( P 2  
0  5 ) ,  o r  1 2 . 4  p e r c e n t  o f  p h o s p h o r u s  ( P ) .  
B , O N E  M E A L  
A  g o o d  g r a d e  o f  s t e a m e d  b o n e  m e a l  ( a b o u t  1 2 !  p e r c e n t  p h o s ­
p h o r u s )  c a n  b e  o b t a i n e d  d e l i v e r e d  i n  I l l i n o i s  f o r  a b o u t  $ 2 5 . 0 0  a  
t o n ,  f r o m  t h e  l o c a l  a g e n t s  o f  M o r r i s  &  C o . ,  S w i f t  &  C o . ,  t h e  
A m e r i c a n  G l u e  C o m p a n y ,  o r  t h e  P~ckers' F e r t i l i z e r  A s s o c i a t i o n ,  
C h i c a g o ,  I l l . ,  o r  f r o m  M i c h i g a n  C a r b o n  W o r k s ,  D e t r o i t ,  M i c h .  
P O T A S S I U M  S A L T S  
P o t a s s i u m  c h l o r i d  ( s o - c a l l e d  " m u r i a t e "  o f  p o t a s h ) ,  c o n t a i n ­
i n g  a b o u t  4 2  p e r  c e n t  o f  p o t a s s i u m ,  c a n  b e  o b t a i n e d  f o r  a b o u t  $ 5 0  
a  t o n  f r o m  A r m o u r  &  C o m p a n y ;  U n i o n  S t o c k  Y a r d s ,  C h i c a g o ,  I l L ;  
f r o m  A .  S m i t h  &  B r o . ,  T a m p i c o ,  I l l . ,  o r  f r o m  A m e r i c a n  A g r i c u l ­
t u r a l  C h e m i c a l  C o . ,  N e w  Y o r k ,  N .  Y . ;  .  a n d  k a i u i t ,  c o n t a i n i n g  
a b o u t  1 0  p e r  c e n t  o f  p o t a s s i u m  i n  t h e  f o r m  o f  p o t a s s i u m  s u l f a t e ,  
t o g e t h e r  w i t h  S O m e  m a g n e s i u m  s u l f a t e ,  m a g n e s i u m  c h l o r i d ,  a n d  
s o d i u m  c h l o r i d ,  c a n  a l s o  b e  o b t a i n e d  f r o m  A r m o u r  &  C o m p a n y  
a n d  f r o m  ~arling &  C o m p a n y ,  C h i c a g o ,  I l l . ,  f o r  a b o u t  $ 1 5  a  t o n .  
G R O U N D  L I M E S T O N E  
G r o u n d  l i m e s t o n e  c a n  n o w  b e  o b t a i n e d  a t  7 5  c e n t s  a  t o n  f r o m  
t h e  S o u t h e r n  I l l i n o i s  P e n i t e n t i a r y ,  M e n a r d ,  I l l . ,  a n d  a t  d i f f e r e n t  
p r i c e s  f r o m  C a s p e r  S t o l l e  Q u a r r y  &  C o n t r a c t i n g  C o . ,  S t .  L o u i s ;  M o .  
( q u a r r y  a t  S t o l l e ,  I l l . ) ;  S o u t h w e s t e r n  C o n t r a c t i n g  &  E n g i n e e r i n g  
C o . ,  E a s t  S t .  L o u i s  I l l ;  C r y s t a l  C a r b o n a t e  L i m e  C o m p a n y ,  E l s ­
b e r r y ,  M o . ;  C a r t h a g e  S u p e r i o r  L i m e s t o n e  C o . ,  C a r t h a g e ,  M o . ;  
M i t c h e l l  L i m e  C o m p a n y ,  M i t c h e l l ,  I n d .  S o m e  o f  t h e s e  c o m p a n ­
i e s  f u r n i s h  fine ~ground l i m e s t o n e  a n d  s o m e  f u r n i s h  l i m e s t o n e  
s c r e e n i n g s ,  w h i c h  i n c l u d e  b o t h  v e r y  f i n e  d u s t  a n d  s o m e  c o a r s e r  
p a r t i c i e s  e v e n  a s  l a r g e  a s  w h e a t  g r a i n s .  I n  c a r l o a d  l o t s  t h e  
p r i c e  o n  b o a r d  c a r s  a t  t h e  p l a n t  v a r i e s  f r o m  5 0  c e n t s  t o  $ 1 . 0 0  a  
t o n  a c c o r d i n g  t o  t h e  f i n e n e s s .  T h e  f r e i g h t  c h a r g e s  w i l l  v a r y  
f r o m  5 0  c e n t s  o r  l e s s  t o  $ 1 . 5 0  o r  m o r e ,  d e p e n d i n g  u p o n  t h e  d i s ­
t a n c e .  A t  m o s t  p o i n t s  i n  S o u t h e r n  I l l i n o i s  t h e  c o s t  d e l i v e r e d  i n  
b u l k  i n  b o x  c a r s  s h o u l d  b e  b e t w e e n  $ 1 .  0 0  a n d  $ 2 . 0 0  a  t o n .  T h e  
q u i c k e s t  a c t i o n  w i l l  b e  s e c u r e d  b y  u s i n g  t h e  f i n e s t  m a t e r i a l  a n d  
m i x i n g  i t  m o s t  t h o r o u g h l y  w i t h  t h e  s o i l ,  b u t  s o m e t i m e s  o n e  c a n  
g e t  o n e  a n d  o n e - h a l f  t o n s  o f  m a t e r i a l  c o n t a i n i n g  o n e  t o n  o f  f i n e  
d u s t  a n d  h a l f  a  t o n  o f  c o a r s e r  p a r t i c l e s ,  v a r y i n g  i n  s i z e  f r o m  l e s s  
t h a n  p i n  h e a d s  t o  w h e a t  g r a i n s ,  a t  n o  g r e a t e r  e x p e n s e  t h a n  
w o u l d  b e  r e q u i r e d  f o r  o n e  t o n  o f  f i n e - g r o u n d  s t o n e  c o n t a i n i n g  n o  
.  c o a r s e r  p a r t i c l e s .  .  
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CHEMICAL ANALYSIS 
The Agricultural Experiment Station does not undertake to 
analyze samples of fertilizers, soils, or other .materials for pri­
vate parties. First, because the total annual appropriation for 
the investigation of all of the soil problems of the · State is less 
than 12t cents for each quarter section of Illinois land, w4ile to · 
analyze a soil or fertilizer would cost many times that amount, so 
that it would be impossible to 'make such analyses for all. Second, 
because the Experiment Station is established for the investiga­
tion of problems of public interest, and not for the inspection or 
control of private investments or enterprises. 
That farmers generally understand and appreciate the fact 
that the State Experiment Station cannot, and ought not, to make 
such analyses is evidenced by the 'fact that, with few exceptions, 
there has been no demand by Illinois citizens for such private 
work at public expense. That it would be impossible to do such 
work for all Illinois citizens is also evidenced by the fact that we 
have received as many as eleven samples of soil from one man 
with the request that they should all be analyzed. 
Analyses of miscellaneous samples of soil, collected by un­
authorized and untrained persons; bS inaccurate and non-uniform 
methods, usually imperfectly representing even a definite stratum 
from a single field, or sometimes a mere patch of ground, might 
be of little value.even to the owner of the piece of land, and pro­
bablyof no value to the agriculture of a state; while to attempt 
to do such work would only delay the progress of the systematic 
detail soil survey which, as already explained, is beIng made to 
cover every type of soil on every farm. 
All soil samples taken for analysis are collected by Experi­
ment Station.men, who are familiar with the most accurate means 
of sampling soils, in orderthat the samples shall be taken by 
uniform methods which shall render them comparable, and that 
they shall be truly typical samples of the different strata of the 
type of soil which they are to represent.. If the samples do not 
represent the definite soil type of a known area, the analyses 
would of course be misleading and practically worthless. 
It will never be possible for the Experiment Station to ana­
lyze the soil from ~very field of every Illinois farm, but it- is pos­
sible and practicable to map the soils of the state in detail, and 
then to analyze representative samples of every type, so that 
ultimately every farmer can know what type or types of soil cover 
his farm, what the average composition is of each type, what 
crops are best adapted to the different soils, and what kinds of 
soil treatment or management are required to maintain or in­
crease the crop yields. 
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